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© Opticai space switch and network with such optical space switches. 



© At optical space switch includes a polarization 
controller i2). a beam splitter (1), a first reflection 
block (5) and a second reflection block (8). The 
polarization controller has a first mode and a second 
orode. The polarization controller maintains the po- 
larization ol input light in the first mode and changes 
it by 90 ' in the second mode. The first reflection 
block includes a quarter wave plate (3) and a light 
path changing element (4). The input light from the 
polarization boam splitter is reflected by the first 
reflection block. During this time, the input light 
passes through the quarter wave plate twice. Thus, 



the polarization of the input light is changed by 90* . 
Further, the light path of the input light is shifted by 
a predetermined distance by the light path changing 
element. The second reflection block has a quarter 
wave plate (6) and a mirror (7). The second reflec- 
tion block receives the input light from the polariza- 
tion beam splitter, and returns it thereto. During this 
time, since the input light passes through the quarter 
wave plate of the second block twice, the polariza- 
tion thereof is changed by 90°. The input light is 
emitted from the polarization beam splitter via a first 
output path or a second output path. 
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OPTICAL SPACE SWITCH AND NETWORK WITH SUCH OPTICAL SPACE SWITCHES 



BACKGROUND OF THE INVENTION 

The present invention generally relates to op- 
tical space switches, and more particularly to an 
optical space switch whici) switch optical signals 
are spatially multiplexed. Further, the present in- 
vention is concerned with a network using such 
optical space switches. 

Optical switches are used for switching optical 
signals between devices such as boards, chips, 
waveguides, optical fiber cables. Currently, the 
speed and capacity of communication and informa- 
tion processing is increasing. Thus, there is a need 
for optical switches capable of switching optical 
signals at high speeds and high density. Particu- 
larly, there is a need for optical space switches 
which are multiplexed In the one- or two-dimen- 
sional space. 

Referring to FIGS.1A and 1B, there is illus- 
trated a conventional optical space switch. More 
specifically, FIG.1A shows the entire structure of a 
conventional v/aveguide type optical space switch 
which has an array or crossbar switches. The op- 
tical space switch shown in FIG.1A has a dielectric 
(LiNbOa) substrate 41 having an electro-optical ef- 
fect. Waveguides A1-A8 - a1-a8, and b1-t)8 - BI- 
BS are formed on the dielectric substrate 41. 
FIG.1B shows an optical switch arranged at each 
cross point, at which four electrodes pi - p4 are 
arranged. 

The electric fields resulting from the electrodes 
pi - p4 are controlled, so that the connection 
between the two waveguides can be controlled. For 
example, by controlling the electrical fields at a 
cross point PI, two light paths, one consisting of 
A1-a1 and bl-BI, and the other consisting of A1- 
81 and bl-al, are selectively obtained. In this 
manner, the light paths can be arbitrarily switched 
between inputs A1 - A8 and outputs B1 and B8. 

Refening to FIG.2, there is illustrated another 
conventional optical space switch, which is com- 
posed of polarization beam splitters 42 and 43, 
total reflection mirrors 44 and 45, and polarization 
controllers 46 and 47. Each of the polarization 
splitters 42 and 43 passes a horizontally polarized 
component of an input light and reflects a vertically 
polarized component thereof. Each of the polariza- 
tion controllers 46 and 47 rotates the polarization 
direction of the input light by 90 ° when it is turned 
ON. A light input 1 and a light input 2 are projected 
onto the polarization tieam splitter 42 in the mutu- 
ally perpendicular directions. The polarization beam 
splitter 42 divides each of the light inputs 1 and 2 
into a horizontal polarization component and a ver- 
tical polarization component and emits these com- 



ponents to two output paths in such a way that the 
horizontal polarization component of the light input 
1 and the vertical polarization component of the 
light input 2 penetrate on an identical output path. 

5 When the polarization controllers 46 and 47 are 
OFF, the components on ttie two output paths pass 
through the polarization controllers 46 and 47, and 
enter the polarization beam splitter 43 so that the 
components on the same path are perpendicular to 

10 each other. In the polarization beam splitter 43, the 
two paths, or the components thereon merge to- 
gether, so that light outputs 1 and 2 corresponding 
to the light inputs 1 and 2 respectively are emitted 
therefrom. 

15 On the other hand, when the polarization con- 
trollers 46 and 47 are ON, the horizontal polariza- 
tion components are converted into the vertical 
polarization components by the polarization control- 
lers 46 and 47, and the vertical components are 

20 converted into the horizontal polarization compo- 
nents thereby. The components from the polariza- 
tion controllers 46 and 47 merge together in the 
polarization beam splitter 43. so that the light in- 
puts 2 and 1 corresponding to the light inputs 1 

25 and 2 respectively are emitted therefrom. In the 
above-mentioned way, the light inputs 1 and 2 are 
spatially switched. 

Refenring to FIG.3, still another conventional 
optical space switch which uses polarization ele- 

30 ments is illustrated. The conventional optical space 
switch in FIG.3 has polarization separating films 48 
and 49, total reflection films 50 and 51, and a 
polarization control element 52. In the structure 
shown in FIG.3, the polarization beam splitters 42 

35 and 43, and the polarization controllers 46 and 47 
shown in FIG.2 are integrally formed. The optical 
space switch in FIG.3 operates in the same way as 
that shown in RG.2. 

However, the atX)ve-mentioned conventional 

40 optical space switches have the following disadvan- 
tages. The optical space switch shown in FIG.l can 
switch optical signals between only the adjacent 
light paths. In order to realize a complex switching, 
it is necessary to use a large number of stages of 

45 optical space switches. Further, the optical space 
switch in FIG.l cannot switch light Inputs arranged 
in the two-dimensional space. 

Each of the structure shown In FIGS.2 and 3 
functions as a two-input two-output optical space 

50 switch. However, it is very difficult to implement 
optical space switches which handle three or more 
light inputs. 

SUMMARY OF THE INVENTION 
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It is a general object of the present invention to 
provide a novel and useful optical space switch In 
which the above-mentioned disadvantages are 

eliminated. 

A more specific object of the present invention 

is to provide an optical space switch which can 
easily realize a multiple-input multiple-output op- 
tical switching network. 

Tlie above-mentioned objects of the present 
inventions are achieved by an optical space switch 
comprising: 

polarization control means for receiving input light 
and outputting the input light so that a polarization 
of the input light is maintained in a first mode and 
is substantially changed by 90 ° in a second mode; 
polarization beam splitter means for passing the 
input light through the polarization control means 
when the input light has a first polarization to 
thereby output a first polarization mode light and 
for reflecting the input light from polarization con- 
trol means when the input light has a second 
polarization perpendicular to the first polarization to 
thereby output a second polarization mode light, 
the polarization control means being positioned on 
a first side of the polarization beam splitter means; 
first reflection means, positioned on a second side 
of the polarization beam splitter means, for reflect- 
ing one of the first polarization mode light and the 
second polarization mode light so that a light path 
of the one of the first polarization mode light and 
the second polarization mode light is shifted in a 
plane and the polarization of the one of the first 
polarization mode light and the second polarization 
mode light is substantially changed by 90* and for 
outputting a first reflected light; and 
second reflection means, positioned on a third side 
of the polarization beam splitter means, for reflect- 
ing the first reflected light supplied from the first 
reflection means via the polarization beam splitter 
means so that a polarization of the first reflected 
light is substantially changed by 90° and for out- 
putting a second reflected light 
wherein: 

the other one of the first polarization mode light 
and the second polarization mode light enters the 
polarization beam splitter means and is output, as a 
first mode output beam, from a fourth side of the 
polarization beam splitter means; 
the second reflected light from the second reflec- 
tion means enters the polarization beam splitter 
means and is output as a second mode output 
beam, from the fourth side of the polarization beam 
splitter means; and 

the first mode output beam has a light path which 
is different from that of the second mode output 
beam. 

The above-mentioned objects of the present 
invention are also achieved by an optical space 
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switch comprising: 

polarization control means for receiving input light 
and outputting the input light so that a polarization 
of the input light is maintained in a first mode and 

s is substantially changed by 90* in a second mode; 
first polarization beam splitter means for passing 
the input light from the polarization control means 
when the input light has a first polarization to 
thereby output a first polarization mode light and 

10 for reflecting the input light from polarization con- 
trol means when the input light has a second 
polarization perpendicular to the first polarization to 
thereby output a second polarization mode light, 
the polarization control means being positioned on 

)S a first side of the first polarization beam splitter 
means; 

first reflection means, positioned on a second side 
of the first polarization beam splitter means, for 
reflecting one of the first polarization mode light 
so and the second polarization mode light to thereby 
output a first reflected light; 
light path changing means for shifting a light path 
of the first reflected light in a plane; 
second reflection means for reflecting one of the 
25 first reflected light output from the light path chang- 
ing means and the input light output via a third side 
of the first polarization beam splitter means to 
thereby output a second reflected light; and 
second polarization beam splitter means for pass- 
so ing one of the first reflected light from the light path 
changing means and the second reflected light and 
for reflecting the other one of the first reflected 
light from the light path changing means and the 
second reflected light, 
35 wherein: 

the one of the first reflected light from the light 
path changing means and the second reflected 
light is a first light beam having a light path; and 
the other one of the first reflected light from the 
40 light path changing means and the second re- 
flected light is a second light output having a light 
path different from that of the first mode light 
beam. 

The aforementioned objects of the present in- 
45 vention are also achieved by an optical space 
switch comprising: 

polarization control means for receiving input light 
and outputting the input light so that a polarization 
of the input light is maintained in a first mode and 

50 is substantially changed by 90' in a second mode, 
the polarization control means comprising an array 
composed of a plurality of polarization controllers; 
polarization beam splitter means for passing the 
input light from the polarization control means 

55 when the input light has a first polarization to 
thereby output a first polarization mode light and 
for reflecting the input light from polarization con- 
trol means v/hen the input light has a second 

3 
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polarization perpendicular to the first polarization to 
thereby output a second polairization mode light, 
the input light fronn the polarization control means 
entering the polarization beam splitter means via a 
first side thereof; 

first reflection means, positioned on a second side 
of the polarization beam splitter means, for reflect- 
ing one of the first polarization mode light and the 
second polarization mode light so that a light path 
of the one of the first polarization mode light and 
the second polarization mode light is shifted in a 
first plane and the polarization of the one of the 
first polarization mode light and the second po- 
larization mode light is substantially changed by 
90° and for outputting a first reflected light; and 
second reflection means, positioned on a third side 
of the polarization beam splitter means, for reflect- 
ing the first reflected light supplied from the first 
reflection means via the polarization beam splitter 
means so that a polarization of the first reflected 
light is substantially changed by 90* and for out- 
putting a second reflected light; 
wherein. 

tho other one of the first polarization mode light 
and ttye second polarization mode fight enters the 
polanzation beam splitter means and is output, as a 
first mode output tx3am, from a fourth side of the 
polartzatior beam splitter means; 
the second reflected light from the second reflec- 
tion means enters the polarization beam splitter 
means and is output, as a second mode output 
boom, from the fourth side of the polarization beam 
splitter means; and 

tho first mode output t>eam has a light path which 
is dlHoront from that of the second mode output 
t>eam, and 

wherein the optical space switch further comprises 

light circulating means for circulating the first and 
second mode output beams with respect to the 
input light so that the first and second mode output 
beams are repeatedly input to the polarization 
beam splitter means via the polarization control 
means and light paths of the first and second mode 
output beams are shifted in a predetermined direc- 
tion and for finally outputting the first and second 
mode output beams In a second plane in which the 
input light is included. 

The aforementioned objects of the present in- 
vention are also achieved by an optical space 
switch comprising: 

a first one-dimensional circulariy connected type 
optical space switch in which light is shifted in a 
first plane: 

a second one-dimensional circularly connected 
type optical space switch in which light is shifted in 
a second plane perpendicular to the first plane; and 
coupling means for optically coupling the first and 
second one-dimensional circularly connected type 
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optical space switches with each other, 
wherein each of the first and second one-dimen- 
sional optical space switches comprises: 
polarization control means for receiving input light 

5 and outputting the input light so that a polarization 
of the input light is maintained in a first mode and 
is substantially changed by 90° in a second mode, 
the polarization control means comprising an array 
composed of a plurality of polarization controllers; 

10 polarization beam splitter means for passing the 
input light from the polarization control means 
when the input light has a first polarization to 
tfiereby output a first polarization mode light and 
for reflecting the input light from polarization con- 

75 trol means when the input light had a second 
polarization perpendicular to the first polarization to 
thereby output a second polarization mode light, 
the input light from the polarization control means 
entering the polarization beam splitter means via a 

20 first side thereof; 

first reflection means, positioned on a second side 
of the poleuization beam splitter means, for reflect- 
ing one of the first polarization mode light and the 
second light so that a light path of the one of the 

25 first polarization mode light and the second po- 
larization mode light is shifted and the polarization 
of the one of the first polarization mode light and 
the second polarization mode light is substantially 
changed by 90* and for outputting a first reflected 

30 light: and 

second reflection means, positioned on a third side 
of the polarization beam splitter means, for reflect- 
ing the first reflected light supplied from the first 
reflection means via the polarization beam splitter 

35 means so that a polarization of the first reflected 
light is substantially changed by 90° and for out- 
putting a second reflected light; 
wherein: 

the other one of the first polarization mode light 
40 and the second polarization mode light enters the 

polarization beam splitter means and is output, as a 

first mode output beam, from a fourth side of the 

polarization beam splitter means; 

the second reflected light from the second reflec- 
ts tion means enters the polarization beam splitter 

means and is output, as a second mode output 

beam, from the fourth side of the polarization beam 

splitter means: and 

the first mode output beam has a light path which 
so is different from that of the second mode output 
beam, 
wtierein: 

the optical space switch further comprises light 
circulating means for circulating the first and sec- 
55 ond mode output beams with respect to the input 
light so that the first and second mode output 
beams are repeatedly input to the polarization 
beam splitter means via the polarization control 

4 



7 



EP 0 435 296 A1 



8 



means and light paths of the first and second mode 
output beams are shifted In a predetermined direc- 
tion and for finally outputting the first and second 
mode output beams in a conresponding one of the 
first and second planes in which the input light is 
included; and 

the first and second mode output beam related to 
the first one-dimensional circularly connected type 
optical space switch pass through the coupler and 
are input, as the input light, to the second one- 
dimensional circularly connected type optical 
space switch. 

Another object of the present invention is to 
provide an optical network using optical space 
switches as mentioned above. 

This object of the present Invention Is achieved 
by an optical network comprising: 
n (n is an integer equal to or larger than 2) optical 
space switches which are cascaded; 
each of the n optical space switches comprising: 
pclarization control means for receiving input light 
and outputting the Input light so that a polarization 
of the input light is maintained in a first mode and 
is substantially changed by 90 ' in a second mode, 
the polarization control means comprising an array 
of a plurality of polarization collectors arranged into 
a line, the input light having a plurality of light 
inputs respectively related to the polarization con- 
trollers; 

polarization beam splitter means for passing the 
input light from the polarization control means 
when the input light has a first polarization to 
thereby output a first polarization mode light and 
for reflecting the input light from polarization con- 
trol means when the input light has a second 
polarization perpendicular to the first polarization to 
thereby output a second polarization mode light, 
the polarization control means being positioned on 
a first side of the polarization beam splitter means; 
first reflection means, positioned on a second side 
of the polarization beam splitter means, for reflect- 
ing one of the first polarization mode light and the 
second polarization mode light so that a light path 
of the one of the first polarization mode light and 
the second polarization mode light is shifted in a 
plane and the polarization of the one of the first 
polarization mode light and the secood polarization 
mode light is substantially changed by 90* and for 
outputting a first reflected light; and 
second reflection means, positioned on a third side 
of the polarization beam splitter means, for reflect- 
ing the first reflected light supplied from the first 
reflection means via the polarization beam splitter 
means so that a polarization of the first reflected 
light is substantially changed by 90* and for out- 
putting a second reflected light; 
wherein: 

the other one of the first polarization mode light 



and the second polarization mode light enters the 
polarization beam splitter means and is output, as a 
first mode output beam, from a fourth side of the 
polarization beam splitter means; 

5 the second reflected light from the second reflec- 
tion means enters the polarization beam splitter 
means and is output, as a second mode output 
beam, from the fourth side of the polarization beam 
splitter means; 

10 the first mode output beam has a light path which 
is different from that of the second mode output 
beam; and 

the first mode output beam and the second mode 

output beams related to an i-th optical space switch 

75 (i = 2, 3 n) are supplied, as the input light, to 

the (n + 1 )th optical space switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Other objects, features and advantages of the 

present invention will become more apparent from 
the following detailed description when read in con- 
junction with the accompanying drawings, in which: 
FIGS.1. 2 and 3 are diagrams illustrating con- 
as ventional optical space switches; 

FIGS.4A, 4B and 4C are diagrams illustrating an 
optical space switch according to a first pre- 
ferred embodiment of (he present invention; 
FIGS.5A and SB are diagrams Illustrating a first 
30 variation of the first embodiment of the present 
invention shown in FIGS.4A and 48; 
F1GS.6A and 68 are diagrams illustrating a sec- 
ond variation of the first embodiment of the 
present Invention shown in FIGS.4A and 4B: 
35 FIGS.7A and 78 are diagrams illustrating an 
optical space switch according to a second pre- 
fen-ed embodiment of the present invention; 
FIGS.8A and 88 are diagrams illustrating a vari- 
ation of the second preferred embodiment of the 
40 present invention; 

FIGS.9A and 98 are diagrams illustrating the 
structure shown in FIGS.4A and 48 in more 
detail; 

FIGS.1 OA and 108 are diagrams illustrating the 
45 structure shown in FIGS.5A and 58 in more 
detail; 

FIGS.1 1 A and 118 are diagrams illustrating the 
structure shown in FIGS.6A and 68 in more 
detail; 

50 FIGS.1 2A, 12B, 12C and 12D are diagrams re- 
spectively illustrating light path changing ele- 
ments; 

FIG.13A is a diagram of an optical space switch 
according to a third preferred embodiment of 
ss the present invention; 

FIG.13B is a diagram of a first variation of the 
third embodiment of the present invention 
shown in FIG.13A; 
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FIG.13C is a diagram of a second variation of 
the third embodiment of the present invention 
shown in FIG.13A; 

FIGS.14A and 14B are diagrams illustrating the 
structure shown in FIGS.7A and 7B in more 

detail; 

FIGS.15A and 15B are diagrams Illustrating the 
structure shown in FIGS.8A and 88 in more 

detail; 

FIGS.16A, 168, 16C and 16D are diagrams re- 
spectively illustrating light path changing ele- 
ments; 

FIGS.17A and 17B are diagrams illustrating an 
optical Banyan network according to a fourth 
preferred embodiment of the present invention; 
FIG.17C is a diagram illustrating the operation of 
an optical space switch of a stage of the net- 
work shown in FIQS.17A and 178; 
FIG.17D is a diagram illustrating a variation of 
the optical space switch shown in FIG.17C; 
FIG.18A is a diagram of a two-dimensional op- 
tical space switch according to a fifth preferred 
embodiment of the present invention which is 
based on the first embodiment of the present 
invention; 

FIG. 188 Is a diagram of a variation of the fifth 
preferred embodiment of the present invention 
shown in FIG.18A; 

FIG.19A is a diagram of a twoKiimensional op- 
tical space switch based on the second embodi- 
ment of the present invention; 
FIG.19B is a diagram of a variation of the two- 
dimensional optical space switch shown in 
FIG.19A; 

FIG.20A is a block diagram of a two-dimensional 
optical space switch according to a sixth pre- 
ferred embodiment of the present invention; 
F1G.20B is a block diagram of a variation of the 
two-dimensional optical space switch shown in 
FIG.20A; 

FIG.21A is a block diagram of a circular multi- 
stage type optical space switch according to a 
seventh embodiment of the present invention; 
FIG.21 B is a block diagrsim of a variation of the 
circular multi-stage type optical space switch 
shown in FIG.21 A; 

FIGS.22A and 22B are diagrams illustrating the 
operation of a light path changing sub-unit used 
in the structures shown in FIGS.21A and 21 B; 
RG.23 is a diagram illustrating the bask; struc- 
ture of a circular multi-stage optical space 
switch; 

RG.24A is a block diagram illustrating the struc- 
ture shown in FIG.21 A in more detail; 
FIG.24B is a block diagram illustrating the struc- 
ture shown in FIG.21 B in mors detail; 
FIG.25 is a diagram illustrating an optical Ban- 
yan network and disadvantages thereof; 



FIG.26A is a perspective view of a prism unit 
which realizes the optical Banyan network 
shown in FIG.25; 

FIG.26B is a side view of the prism unit shown 

5 in FIG.26A: 

FIG 27 is a perspective view of a one-dimen- 
sional circulating connected type optical space 
switch according to the seventh embodiment of 
the present invention; 

10 FIG28A is a diagram illustrating a two-dimen- 
sional circulariy connected type optical space 
switch according to an eighth prefen'ed embodi- 
ment of the present Invention; 
FIG.28B is a diagram illustrating a variation of 

75 the optical space switch shown in FIG.28A; 

FIG.29A is a diagram illustrating the optical 
space switch shown In FIQ.28A in more detail; 
FIQ.29B is a diagram illustrating the optical 
space switch shown in RG.28B in more detail; 

20 FIG.30 is a block diagram of a non-btocking 
optical Banyan network which is realized on tine 
basis of the seventh embodiment of the present 
invention; 

FIG.31A is a perspective view of a prism unit 
25 which realizes the non-blocking optical space 
network shown in FIG.30; 
FIG.31 B is a side view of the prism unit shown 
in FIG.31 A; and 

FIG.32 is a perspective view of a mirror unit 

30 which realizes a three-stage crossover network 
based on the seventh embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
35 MENTS 

Refening to FIGS.4A, 48 and 4C, there are 

illustrated an optical space switch according to a 
first preferred embodiment of the present invention. 

40 The optical space switch in these figures has a 
polarization beam splitter 1, a polarization controller 
2, a first reflection block 5 and a second reflection 
block 8- The first reflection block 5 is positioned on 
a reflection side of the polarization beam splitter 1 

45 or a side opposite to the reflection side. In the 
arrangement shown in FIG.4A, the first reflection 
block 5 is positioned on the reflection side. The 
second reflection block 8 is positioned on the side 
of the polarization beam splitter 1 opposite to tiie 

50 side thereof on which the first reflection block 5 is 
positioned. 

The polarization beam splitter 1 passes a first 
mode light and reflects a second mode light per- 
pendicular to the first mode light. The polarization 
55 controller 2 is arranged on an input side of tiie 
polarization beam splitter 1, and passes an input 
light IN so that the polarization direction thereof is 
maintained or changed by 90 '. The polarization 
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controller 2 Is formed of, for example, a conven- 
tional liquid crystal-spatial modulator. The first re- 
flection block 5 is composed of a quarter wave 
plate 3, and a light path changing element 4. The 
optical axis of the quarter wave plate 3 is inclined 
at 45° with respect to the polarization direction of 
an incident light from the polarization beam splitter 
1. An incident surface of the quarter wave plate 3 Is 
perpendicular to the incident light. The light path 
changing element 4 shifts the position of the light 
path of its incident light on a first side of the center 
axis of the light path changing element 4 to a 
second side thereof opposite to the first side by an 
amount (distance) inherent in the light path chang- 
ing element 4. The second reflection block 8 is 
composed of a quarter wave plate 6 and a reflec- 
tion miror 7. The optical axis of the quarter wave 
plate 6 is Inclined at 45* with respect to the 
polarization direction of an incident light passing 
through the polarization beam splitter 1. An incident 
surface of the quarter wave plate 6 is perpendicular 
to the incident light. 

The optical space switch shown in FIGS.4A 
through 4C has a bypass mode and an exchange 
mode. As shown in FIG.4C, a signal source SS is 
connected to the polarization controller 2 via elec- 
trodes (not shown), so that it is turned ON or OFF. 
It is now assumed that the input light is a light of 
the vertical polarization. As shown in FIG.4A, when 
the polarization controller 2 is ON, it changes the 
polarization from the vertical direction to the hori- 
zontal direction. The light having the horizontal 
polarization passing through the polarization con- 
troller 2 passes straight through the polarization 
beam splitter 1 and is emitted via a side thereof 
opposite to the aforementioned input side, as an 
output light OUT. 

On the other hand, when the polarization con- 
troller 2 is OFF, it passes the input light IN having 
the vertical polarization so that the polarization 
thereof is maintained. The light from the polariza- 
tion controller 2 is reflected by the polarization 
beam splitter 1 and enters the first reflection block 
5. Since the reflected light from the polarization 
beam splitter 1 passes through the quarter wave 
plate 3 twice. Thus, the vertical polarization of the 
above reflected light is changed to the horizontal 
polarization, and output to the polarization beam 
splitter 1 . Further, the position of the light path of 
the light entering the light path changing element 4 
on the aforementioned first side of the center axis 
thereof is shifted to the second side thereof. Since 
the light from the first reflection block 5 has the 
horizontal polarization, it passes straight through 
the polarization beam splitter 1 and enters the 
second reflection block 8. The light entering the 
second reflection block 8 passes through the quar- 
ter wave plate 6 twice, and Is thus changed to light 
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having the vertical polarization. The light from the 
second reflection block 8 enters the polarization 
beam splitter 1 and is reflected thereby, so that the 
output light OUT is obtained. It should be noted 

5 that the position (light path) of the output light OUT 
shown in FiG.4A is different from that of the output 
light OUT shown in FIG.4B. 

Referring to FIGS.5A and SB, there is illus- 
trated a first variation of the arrangement shown in 

10 FIGS.4A through 4C. In FIGS.5A and 5B, those 
parts which are the same as those shown in 
FIGS.4A through 40 are given the same reference 
numerals, and the signal source S shown in RG.4C 
is omitted for the sake of simplicity. The variation 

15 in FIGS.5A and 5B Is also composed of the po- 
larization beam splitter 1 , the polarization controller 
2, the first reflection block 5 and the second reflec- 
tion block 3. The first reflection block 5 is posi- 
tioned on a side of the polarization beam splitter 1 

20 opposite to the side thereof on which the polariza- 
tion controller 2 is positioned. That is, the first 
• reflection block 5 receives the light passing straight 
through the polarization beam splitter 1. The sec- 
ond reflection block 8 is positioned on the side of 

25 the polarization beam splitter 8 opposite to the side 
thereof on which the light reflected by the polariza- 
tion beam splitter 1 is obtained. It is also possible 
to interchange the first and second reflection 
blocks 5 and 8 with each other. 

30 As shown in FIG.5A, when the polarization con- 
troller 2 is OFF, the input light IN having the 
vertical polarization passes through the polarization 
controller 2, and is then reflected by the polariza- 
tion beam spitter 1 , so that the output light OUT is 

35 output therefrom. On the other hand, as shown in 
FIG.5B, when the polarization controller 2 is ON, 
the polarization of the input light IN is changed 
from the vertical direction to the horizontal direc- 
tion. Thus, the light from the polarization controller 

40 2 passes straight through the polarization beam 
splitter 1, and enters the first reflection block 5. 
Then, the light passes through the quarter wave 
plate 3 of the first reflection block 5 twice. Thus, 
the polarization of the light is changed from the 

45 horizontal direction to the vertical direction. Further, 
since the light is reflected by the light path chang- 
ing element 4, the light path of the light passing 
through the first reflection block 5 is shifted from 
the first side of the center axis of the light path 

so changing element 4 to the second side thereof. 
Since the light from the first reflection block 5 has 
the vertical direction, it Is reflected by the polariza- 
tion beam splitter 1 and enters the second reflec- 
tion block 8. The light passes through the quarter 

55 wave plate 6 of the second reflection block 8 twice. 
Thus, the polarization is changed to the horizontal 
direction, and passes straight through the polariza- 
tion beam splitter 1 , so that the output light OUT is 

7 
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obtained. It will be noted that the light path of the 
output light OUT shown in FIG.5A Is different from 
that of the output light OUT shown in FIG.5B. 

Referring to FIGS.SA and 6B, there is illus- 
trated a second variation of the first embodiment of 
the present invention. In FIGS.6A and 68, those 
parts which are the same as those shown in the 
previous figures are given the same reference nu- 
merals, and the signal source SS shown in FIG.4C 
is omitted for the sake of simplicity. The optical 
space switch shown in FIGS.6A and 6B is com- 
posed of the polarization beam splitter 1, the po- 
larization controller 2, the first reflection block 5 
and the second reflection block 8. The first reflec- 
tion block 5 is positioned on the side of the po- 
larization beam splitter l on which the input light IN 
reflected by the polarization beam splitter 1 is 
obtained. The second reflection block 8 is posi- 
tioned on the side of the polarization beam splitter 
1 on which the input light IN passing straight 
through the polarization tieam splitter 1 is obtained. 

As shown in FIG.6A, when the polarization con- 
troller 2 is ON, the polarization of the input light IN 
is changed from the vertical direction to the hori- 
zontal direction, and the light from ttie polarization 
controller 2 passes straight through the polarization 
beam splitter 1 and then enters the second reflec- 
tion block 8. Then, the light is reflected by the 
second reflection block 8 and further reflected by 
the polarization beam splitter 1 , so that the output 
light OUT is obtained on the side of the polarization 
beam splitter 1 opposite to the side thereof on 
which the first reflection block 5 is positioned. 

On the other hand, as shown in FIG.6B, when 
the polarization controller 2 is OFF, the input light 
IN passes through the polarization controller 2 with 
its polarization maintained, and enters the first re- 
flection block 5. The light is then reflected by the 
first reflection block 5 and passes straight through 
the polarization beam splitter 1, so that the output 
light OUT is obtained. The light path is shifted in 
the light path changing element 4, and thus, the 
light path of the output light OUT shown in FIG.6A 
is different from that of the output light OUT shown 
in FIG.8B. 

A description will now be given of an optical 
space switch according to a second preferred em- 
bodiment of the present invention with reference to 
F1GS.7A and 7B. The optical space switch in 
FIGS.7A and 7B is composed of a first polarization 
beam splitter 10. a second polarization beam split- 
ter 11, a polarization controller 12 to which a signal 
source (not shown for the sake of simplicity) is 
connected, a first reflection mirror 13, a second 
reflection mirror 14 and a light path changing ele- 
ment 15. Each of the first and second polarization 
beam splitters 10 and 11 passes straight through 
light having the horizontal polarization, and reflects 



light having the vertical polarization. The polariza- 
tion controller 12 is positioned on the input light 
side of the first polarization beam splitter 10. The 
second polarization beam splitter 11 is positioned 

5 on the light path of the light passing straight 
through the first polarization beam splitter 10 in 
such a way that a reflection surface of the second 
polarization beam splitter 11 is perpendicular to 
that of the first polarization beam splitter 10. The 

10 first reflection mirror 13 is positioned on ttie reflec- 
tion side of the first polarization beam splitter 10 on 
which light reflected thereby is obtained. The sec- 
ond reflection mirror 14 is positioned so that light 
reflected by the first reflection mirror 13 goes to- 

15 ward the second polarization beam splitter 1 1 . The 
light path changing element 15 is interposed be- 
tween the first and second reflection mirrors 13 and 
14. The light path changing element 15 changes 
the light path from a first side of the center axis 

20 thereof to a second side thereof by an amount 
(distance) inherent in the light path changing ele- 
ment 1 5. The light path of light from the light path 
changing element 15 is shifted from that of the 
light entering it in the direction perpendicular to 

25 these light paths. 

The optical space switch shown in RGS.7A 
and 7B has the bypass mode and the exchange 
mode in the same way as' the aforementioned first 
embodiment of the present invention. As shown in 

30 FI6.7A, when the polarization controller 12 is ON, 
the input light IN having the vertical polarization is 
changed into light having the horizontal polariza- 
tion. The light from the polarization controller 12 
passes straight through the first and second po- 

35 larization beam splitters 10 and 11. so that an 
output light OUT is obtained. 

On the other hand, as shown in RG.7B, when 
the polarization controller 12 is OFF, the input light 
IN passes through the polarization controller 12 and 

40 is reflected by the first polarization beam splitter 
10. Then, the reflected light from the first polariza- 
tion beam splitter 10 is reflected by the first reflec- 
tion mirror 13 and enters the light path changing 
element 15. The light path is shifted by the light 

46 path changing element 15 by an amount (distance) 
inherent therein. Then, the light is reflected by the 
second reflection mirror 14 and enters the second 
polarization beam splitter 11. Since the light re- 
flected by the second reflection mirror 14 has the 

50 vertical polarization, it is reflected by the second 
polarization tieam splitter 11, so that the output 
light OUT is obtained. It will be noted that the light 
path of the output light OUT shown in RG.7A is 
different from that of the output light OUT shown in 

55 FIG.7B. 

Referring to FIGS.8A and 88, there is illus- 
trated a variation of the second embodiment of the 
present invention. In FIGS.8A and 88. those parts 
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which are the same as those shown in FIGS.7A 
and 78 are given the same reference numerals. 
Tiie arrangement shown in FIGS.8A and 8B is 
obtained by interchanging the positions of the sec- 
ond reflection mirror 14 and the second polarization 
beam splitter 11 shown in FIGS.7A and 7B with 
each other. More specifically, the second reflection 
mirror 14 is positioned so that it reflects the light 
passing straight through the first polarization beam 
splitter 10. The second polarization beam splitter 
11 is positioned so that it receives the reflected 
light from the second reflection mirror 14. The light 
path changing element 15 is interposed between 
the first reflection mirror 13 and the second po- 
larization beam splitter 1 1 . 

As shown in FIG.8A, when the polarization con- 
troller 12 is ON, the polarization of the input light IN 
is changed from the vertical direction to the hori- 
zontal direction. The light from the polarization con- 
troller 12 passes straight through the first polariza- 
tion beam splitter 10 and is then reflected by the 
second reflection mirror 14. The reflected light 
passes straight through the second polarization 
beam splitter 11, so that an output light OUT is 
obtained. 

On the other hand, as shown in FIG.8B, when 
the polarization controller 12 is OFF, the input light 
IN having the vertical polarization Is reflected by 
the first polarization beam splitter 10, and is then 
reflected by the first reflection mirror 13. The re- 
flected light is shifted by the light path changing 
element 15, as shown in FIG.8B, and then enters 
the second polarization beam splitter 11. Then, the 
light is reflected by the second polarization beam 
splitter 11, so that an output light OUT is obtained. 
It will be noted that the light path of the output light 
OUT shown in FIG.8A is different from that of the 
output light OUT shown in FIG.8B. 

In the above-mentioned embodiments of the 
present invention and variations thereof, it is possi- 
ble to use input light having the horizontal polariza- 
tion. 

FIGS.9A and 9B show the optical space switch 
shown in FIGS.4A and 4B in more detail. The first 
reflection block 5 is positioned on the reflection 
side of the polarization beam splitter l, and the 
second reflection block 8 is positioned on the side 
thereof opposite to the reflection side. The quarter 
wave plate 3 of the first reflection block 5 is posi- 
tioned so that its optical axis is inclined at an angle 
of 45° with respect to the polarization direction of 
the input light. The light path changing element 4 is 
composed of a prism 21 and a reflection mirror 22. 
The prism 21 is formed of a triangle shape (pole) 
having a cross section of an isosceles triangle, or a 
combination of such a triangle pole and a square 
parallelepiped. Two slopes of the prism 21 faces 
the reflection mirrors 22. 
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When the polarization controller 2 is ON. the 
input light IN having the vertical polarization passes 
straight through the polarization beam splitter 1 , so 
that the output light OUT is obtained. It will be 

5 noted that the polarization of the input beam IN is 
changed to the horizontal direction by the polariza- 
tion controller 2. On the other hand, when the 
polarization controller 2 is OFF, the polarization of 
the input light IN is maintained. Then, the light from 

10 the polarization controller 2 is reflected by the 
polarization beam splitter 1, and enters the first 
reflection block 5. The light passes through the 
quarter wave plate 3 and is shifted by the prism 21 . 
Then, the light is reflected by the reflection mirror 

15 22 and shifted by the prism 21. After that, the light 
passes straight through the quarter wave plate 3 
and the polarization beam splitter 1 . Since the light 
passes through the quarter wave plate 3 twice, the 
polarization of the light is changed from the vertical 

20 direction to the horizontal direction. The light is 
reflected by the second reflection block 8 and goes 
back on the same light path. Then the light is 
further reflected by the polarization beam splitter 1 . 
so that the output light OUT is obtained. It will be 

26 noted that the light path of the output light OUT 
shown in FIG.9A is different from that of the output 
light OUT shown in FIG.9B. 

FIGS.10A and 108 show the arrangement 
shown in FIGS.5A and 5B in more detail. The first 

30 reflection block 5 composed of the quarter wave 
plate 3, the prism 21 and the reflection mirror 22 is 
positioned on the side of the polarization beam 
splitter 1 opposite to the side thereof on which the 
polarization controller 2 is positioned. The output 

35 lights OUT having the different light paths go 
downward in the drawing. That is. the moving di- 
rection of the output lights OUT is perpendicular to 
that of the input light IN. When the polarization 
controller 2 is OFF, the output light OUT is ob- 

40 tained, as shown in FIG.10A. On the other hand, 
when the polarization controller 2 Is ON, the output 
light is obtained, as shown in FIG.10B. 

FIGS.11A and 11B show the arrangement 
shown in FIGS.6A and 6B in more detail. The first 

45 reflection block 5 is positioned on the reflection 
side of the polarization beam splitter 1, and the 
second reflection block 8 is positioned on the side 
of the polarization beam splitter 1 opposite to the 
side thereof on which the polarization controller 2 is 

50 positioned. When the polarization controller 2 is 
ON, the output light OUT is obtained, as shown in 
FIG.11A. On the other hand, when the polarization 
controller 2 is OFF, the output light OUT is ob- 
tained, as shown in FIG.11A. it will be noted that 

55 the light path of the output light OUT shown in 
FIG.11A is different from that of the output light 
OUT shown in FIG.11B. 

The prisms 21 serving as the light path chang- 

9 
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ing elements shown in F1GS.9A through 1 1 B may 
be replaced by other elements. FIGS.12A through 
12D Illustrate other light path changing elements. 
Each of the light path changing elements receive 
four light inputs. The four light inputs are grouped 
into a first group which consists of two light inputs 
on the left side, and a second group which consists 
of the other two light inputs on the right side. The 
light Inputs on the left side are changed to light 
outputs of the right side, and the light inputs on the 
right side are changed to light outputs of the left 
side. 

The light path changing element shown in 
FIG.12A is composed of the aforementioned prism 
21 and the reflection mirror 22. The light path 
changing element shown in FIG.12B is formed of a 
prism 23 which is a combination of a triangle 
member (pole) having a cross section of an 
isosceles triangle and a rectangular parallelepiped. 
A reflection coating layer 24 is formed on a back 
surface of the rectangular parallelepiped. It will be 
noted that the light path changing element shown 
in FIG.12B does not use a reflection mirror as 
shown in FIG.12A. The light path changing element 
shown In F1G.12C is formed of a square transpar- 
ent graded index (Gl) element of a rectangular 
parallelepiped having a one-dimensional symmetry 
distribution of refractive index in a direction in 
which the light path is shifted. A reflection coating 
layer 26 is formed on a back surface of the graded 
index element 25. The light path changing element 
shown in FI6.12D is composed of a diffraction 
grating 27 and a reflection mirror 28. Since each of 
the above-mentioned prisms receives a plurality of 
light inputs in the same direction, if is possible to 
from an array of prisms. By using such an array of 
prisms together with an array of polarization con- 
trollers, it is possible to provide a multiple- 
inpufmultiple-output optical space switch. 

FIG.13A illustrates an optical space switch ac- 
cording to a third preferred embodiment of the 
present invention. The optical space switch shown 
in FIG.13A-(a) is composed of a polarization beam 
splitter 1 , a polarization controller array 2A, a first 
reflection block 5A, and the second reflection block 
8. The polarization controller array 2A is composed 
of a plurality of (eight) fjolarization controllers 
aligned in a line. A signal source (not shown for the 
sake of simplicity) is connected to each of the 
polarization controllers. Eight light inputs are sepa- 
rately controlled by the polarization controller array 
2A. The prism 21 A has a plurality of (four) prism 
portions, each having a cross-sectional portion hav- 
ing an identical isosceles triangle shape. In ottier 
words, the prism 21 A is like an arrangement in 
which four two-input/two-output prisms 21 are in- 
tegrally arranged side by side. FIG.13A-(b) is a 
diagram illustrating an equivalent diagram of the 



optical space switch shown in FIG.13A-(a). Each of 
the prism portions of the prism 21 A switches the 
two adjacent light paths. For example, the light 
input at input node "0" can be switched to the light 
5 output at output node "1", as shown in FIG.13A- 
(b). 

FIG.13B-(a) illustrates an optical space switch 
in which the prism 21 A shown in FIG.13A-(a) is 
replaced by a prism 21 B. The prism 21 B has two 

10 prism portions, each having a cross-sectional por- 
tion with an identical isosceles triangle shape. Each 
of the two prism portions of the prism 21 B func- 
tions as an four-input/four-output optical space 
switch. As shown in FIG.13B-(b), the input light at 

J5 input node "0" can tie switched to the output light 
at output node *2". 

FlG.13C-(a) illustrates an optical space switch 
in which a light path changing element 50 had an 
eight-input/eight-output prism 21 C. The prism 21 C 

20 has a single prism portion having two slopes, each 
receiving four light inputs. As shown in FIG.13C- 
(b). the input light at input node "0" can be 
switched to the output light at output node "4". 
FIGS.14A and 148 illustrate the arrangement 

25 shown in FIGS.7A and 7B in more detail. In 
FIGS.14A and 148, those parts which are the same 
as those shown in FIGS.7A and 7B arc given the 
same reference numerals. As has been described 
previously, the second embodiment of the present 

30 invention does not use any quarter wave plate, but 
instead uses two polarization beam splitters. The 
light path changing element IS is composed of two 
prisms 31 and 32. The inclined surfaces of the 
prism 31 faces those of the prism 32. 

35 As shown in FIG.14A, when the polarization 

controller 12 is ON, the polarization of the input 
light IN is changed to the horizontal direction. 
Then, the light from the polarization controller 12 
passes straight through the first and second po- 

« larization beam splitters 10 and 11. so that the light 
output OUT is obtained. On the other hand, as 
shown in FIG.14B, when the polarization controller 
12 is OFF, the light input IN passes through the 
polarization controller 12, and is then reflected by 

4S the first polarization beam splitter 10 and the first 
reflection mirror 13. Then, the light enters the light 
path changing element 15, and is deflected due to 
the function of the prisms 31 and 32 shown in 
FIG.14B. Then, the light is reflected by the second 

50 reflection mirror 14 and the second polarization 
beam splitter 11, so that the output light OUT is 
obtained. The light path of the output light OUT 
shown in FIG.14A is different from that of the 
output light OUT shown in FIG.14B.- 

55 FIGS.15A and 158 illustrate the variation of the 
arrangement shown in FIGS.8A and 8B. The posi- 
tions of the first polarization beam splitter 11 and 
the second reflection min-or 14 shown in FIGS.14A 

10 
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and 148 are interchanged with each other. When 
the polarization controller 12 is ON, the output light 
OUT is obtained, as shown in FIG.15A. On the 
other hand, when the polarization controller 12 is 
OFF, the output light OUT is obtained, as shown in s 
FiG.15B. The light path of the output light OUT 
shown in FIG.15A is different from that of the 
output light OUT shown in FIG.15B. 

Each of the above-nf)entioned prisms 31 and 
32, which Is also shown in FIG.IGA may be re- io 
placed by other elements shown in FIGS.16B 
through 160. FIG.16B illustrates a prism 33 of a 
hexagon member (pole), which consists of two tri- 
angle members (poles) having cross sections with 
an identical isosceles triangle shape, and a square is 
member (pole) having opposite surfaces on which 
the two triangle members are respectively moun- 
ted. The prism 33 functions in the same way as the 
combination of the prisms 31 and 32. FIG. 160 
illustrates a graded index element 34 formed of a 20 
square transparent member (pole) having a one- 
dimensional symmetry distribution of refractive in- 
dex in a direction in which the light path is shifted. 
The element 34 functions in the same way as the 
combination of the prisms 31 and 32. FIG.16D 2S 
shows a combination of two diffraction gratings 35 
and 36 spaced apart from each other. 

According to the second embodiment of the 
present invention and its variations, the light path 
changing element 15 can receive a plurality of light so 
inputs in the same direction. Thus, it is possible to 
provide a multiple-input/multiple-output optical 
space switch which employs a polarization control- 
ler array as shown in FIG.13A as well as an array 
of prisms, in a similar way to that of the arrange- 35 
ments shown in FIGS.13A through 130. 

A description will now be given of a fourth 
preferred embodiment of the present invention with 
reference to FIGS.17A and 17B. The fourth em- 
bodiment of the present invention is an optical 40 
Banyan network using the optical space switches 
shown in FIGS.13A through 130. In FIGS.17A and 
17B, those parts which are the same as those 
shown in FIGS.13A through 13C are given the 
same reference numerals. The optical space 4S 
switches (nodes) indicated by references C, B and 
A respectively shown in FIGS.13C, 13B and 13A 
are cascaded in this order from the input side of 
the network. The network inputs eight light inputs 
and outputs eight light outputs. An equivalent net- so 
work of the network shown in FIG.17A is illustrated 
from FIG.17B. This equivalent network is obtained 
from the equivalent networks shown in F1GS.13A- 
(b), 13B-(b) and 13C-(b). The network in FIG.17B is 
an optical Banyan network. ss 

In general, when a plurality of light inputs con- 
sists of 2" light inputs, the i-th optical space switch 
(i = 1,2 n) comprises an array of 2'"' light path 



changing elements arranged in a line, and 2"''*^ 
light inputs among the 2" light inputs are applied to 
each of the 2'"^ light path changing elements of the 
i-th optical space switch. Each of the 2"^ light path 
changing elements switches liglit paths which are 
spaced apart from each other by 2"''. 

The switching operation of the network shown 
in FIGS.17A and 17B is based on the following 
rule. That is, each of the polarization controllers of 
each of the polarization controller arrays 2A Is 
controlled in accordance with this rule. An 
exclusive-OR operation on an input node number in 
binary notation and an output node number in 
binary notation is calculated. The bit which is one 
bit higher than the most significant bit of the result 
of the exclusive-OR operation is set to 1. Then, the 
exclusive-OR operation on the adjacent bits is cal- 
culated. When the result of this excluslve-OR op- 
eration is equal to 1 . the corresponding polarization 
controller is ON. On the other hand, when the 
result of the exclusive-OR operation is equal to 0, 
the corresponding polarization controller is OFF. 
Such an ON/OFF control is sequentially carried out 
by tracing each light path from the most significant 
bit from the node of the first stage. 

FIG.17C illustrates an operation of the optical 
space switch B having the prism 21 B obtained 
when the polarization controllers of the polarization 
controller array 2A have the states shown therein. 

FIG.170 illustrates a variation of the optical 
space switch B. The variation uses a reflection type 
polarization controller array 2R and a beam splitter 
1A. The eight light inputs are reflected by the 
beam splitter 1A and then projected onto the cor- 
responding polarization controllers of the array 2R. 
The reflected light beams pass through the beam 
splitter 1A and enter the polarization beam splitter 
1. it will be noted that the use of the reflection type 
polarization controller array 2R is not limited to the 
switch B shown in FIG.17A, but can be used in- 
stead of the aforementioned polarization controller 
array. For example, it is possible to replace the 
polarization controller 2 of the transparent type as 
shown in FIG.4A by the reflection type polarization 
controller. 

Tliere is a possibility that the collision of two 
light signals may take place in an intermediate 
node. In this case, the two light signals have the 
mutually different directions of polarization. In 
FIG.17B, solid lines denote light beams having the 
horizontal polarization, and broken lines denote 
right beams having the vertical polarization. Thus, it 
becomes possible to prevent the occurrence of 
switch impossible combinations by adding optical 
space switches for forming bypasses. 

A description will now be given of a fifth pre- 
ferred embodiment of the present invention with 
reference to FIG.18A. in which those parts which 
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are the same as those shown in the previous 
figures are given the same reference numerals. 
The fifth embodiment of the present invention is a 
two-dimensional optical space switch. Referring to 
FIG.18A, a polarization controller anray 2M is com- 
posed of a plurality of polarization controllers which 
are arranged in rows and columns. Of course, a 
signal source is connected to each of the polariza- 
tion controllers. The prism 21 shifts light paths in 
each row of the array 2M in ttie horizontal (lateral) 
direction in the same way as described with refer- 
ence to FIGS.9A and 9B. The prism 21 has a size 
of, for example, 4cm x 4cm and handles 64 light 
beams, for example. 

RG.18B shows a variation of the arrangement 
shown in FIG.18A. The prism 21 is placed so that it 
switches the light paths in the vertical (longitudinal) 
direction. That is, the light paths in each of the 
columns of the array 12M are switched by the 
prism 21 in the same way as described with refer- 
ence to FIGS.9A and SB. 

RG.19A illustrates a two-dimensional optical 
space switch based on the arrangement shown in 
FIGS.7A and 78. In FIQ.19A. those parts which are 
the same as those shown in FIG.7A are given the 
same reference numerals. A polarization controller 
array 12h/l has a plurality of polarization controllers 
arranged in rows and columns. The combination of 
the prisms 31 and 32 switches the light paths in 
each row of the array 12M in the horizontal direc- 
tion in the same way as shown in FIGS.7A and 78. 

FIG.19B illustrates a two-dimensional optical 
space switch based on the arrangement shown in 
FIGS.8A and 88. The combination of the prisms 31 
and 32 shown in FIG.19B is arranged so that the 
light paths in each column of the array 12M are 
switched in the vertical direction in the same way 
as shown in FIGS.7A and 78. 

FIG.20A illustrates an optical space switch ac- 
cording to a sixth preferred embodiment of the 
present invention. In FIG.20A, those parts which 
are the same as those shown in FIGS.18A and 18B 
are given the same reference numerals. The optical 
space switch shown in FIG.20A is a two-dimen- 
sional optical switch, and is a combination of the 
optical space switches shown in FIGS.18A and 
188. An optical space switch 101 is the same as 
that shown in FIQ.18A, and an optical space switch 
102 is the same as shown in FIG.18B. The optical 
space switch 101 switches the light paths in each 
of the rows of the array 2M in the horizontal direc- 
tion. The optical space switch 102 switches the 
light paths in each of the columns of the array 2M 
in the vertical direction. 

FIG.20B illustrates another optical space switch 
of the two-dimensional type. In FIG.20B, those 
parts which are the same as those shown in 
RQS.19A and 198 are given the same reference 
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numerals. The optical space switch shown in 
FIG.20B is a three-dimensional optical switch, and 
is a combination of the optical space switches 
shown in FIGS.19A and 198. An optical space 

5 switch 103 is the same as that shown in RG.19A, 
and an optical space switch 104 is the same as 
shown in FIG.19B. The optical space switch 103 
switches the light paths in each of the rows of the 
array 12M in the horizontal direction. The optical 

10 space switch 104 switches the light paths in each 
of the columns of the an-ay 12M In the vertical 
direction. 

FIG.21A Illustrates a seventh preferred embodi- 
ment of the present invention. The seventh pre- 

75 ferred embodiment of the present invention Is a 
one-dimensional circularly connected type optical 
space switch based on any of the aforementioned 
embodiments. The optical space switch shown in 
FIG.21A is composed of a polarization beam split- 
so ter 61, a transparent type two-dimensional polariza- 
tion controller array 62, a first reflection block 64, a 
second reflection block 65, and four reflection mir- 
rors 72 - 75. 

The polarization controller an-ay 62 Is located 

25 on the input side of the polarization beam splitter 
61, which passes straight through or reflects the 
incident beam. The first reflection block 64 is posi- 
tioned on the reflection side of the polarization 
beam splitter 61 where the reflected light therefrom 

30 is obtained. The first reflection block 64 is com- 
posed of a quarter wave plate 66 and a light path 
changing element 67. The quarter wave plate 66 is 
positioned perpendicular to its incident light so that 
the optical axis of the incident light is inclined at 

35 45' with respect to the direction of polarization of 
the incident light. The second reflection block 65 is 
positioned on the side of the polarization beam 
splitter 61 opposite to the side thereof on which the 
first reflection block 64 is positioned. It is also 

40 possible to interchange the positions of the first 
and second reflection blocks 64 and 65 with each 
other. The second reflection block 65 is composed 
of a quarter wave plate 88 and a reflection mirror 
69. The quarter wave plate 68 is positioned per- 

45 pendicular to its incident light so that the optical 
axis thereof is inclined at 45° with respect to the 
direction of polarization of the incident light. 

The input signal IN passes above the reflection 
mirror 75 and enters tfie polarization controller ar- 

50 ray 62. The polarization of the input light IN is 
changed from the vertical direction to the horizontal 
direction when the corresponding polarization con- 
troller of the array 62 is ON. On the other hand, the 
polarization of the input light IN is not changed 

55 when tiia corresponding polarization controller is 
OFF. The light having the horizontal polarization 
passes straight through the polarization beam split- 
ter 61 . and the light having tiie vertical polarization 
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is rellected by the polarization beam splitter 61, 
and goes toward the first reflection block 64. The 
light having the vertical polarization is shifted by 
the first reflection block 64, and then output there- 
from. Since the light passes through the quarter 
wave plate 66 tv/o times, the output light from the 
first reflection block 64 has the horizontal polariza- 
tion. Then, the output light passes straight through 
the polarization beam splitter 61 and enters the 
second reflection block 65. Since the light passes 
through the quarter wave plate 68 twice, light from 
the second reflection block 65 has the vertical 
polarization. 

The light from the polarization beam splitter 81 
having either the vertical or horizontal polarization 
Is reflected by the mirrors 73, 74 75 and 72. That 
is, the input light passing through the polarization 
controller array 62 is circulated along a circulating 
path formed by the four reflection mirrors 72 - 75 
and including the polarization beam splitter 61 and 
the polarization controller array 62. While the light 
Is being ctrculatod. the light path is shifted in a 
direction substantially perpendicular to the drawing 
shoe;, for example, each time the light is reflected 
by each of the reflection mirrors 72 - 75. The light 
reflected by tho reflection mirror 75 finally passes 
under tnc polarisation controller array 62 and the 
reflection mirror 72, so that the output beam OUT 
is obtained. It will t>e noted thai two output paths in 
tho same plane as the input light IN are obtained. 
With this arrangement, it becomes possible to ob- 
tain two light paths of the output light with respect 
to the input light. 

FIG.21B is a variation of the arrangement 
shown in FIG.21A. In F1G.21B. those parts which 
are the same as those shown in FIG,21A are given 
ttio same reference numerals. The variation shown 
in FIG.21B uses a combination of a reflection type 
polarization controller array 2X and a beam splitter 
79. The input light is reflected by the beam splitter 
79 and enters the polarization controller array 2X. 
The input light is projected onto the corresponding 
polarization controller of the array 2X. When the 
corresponding polarization controller is ON, the po- 
larization of the input light is changed by 90°. 
Then, the reflected light from the polarization con- 
troller array 2X passes through the polarization 
beam splitter 61 , and is processed as in the case 
of the arrangement shown in FIG.21 A. 

Referring to FIGS.22A and 22B, there is illus- 
trated the operation of the polarization beam split- 
ter 61 , the an-ay 62, the first reflection block 64 and 
the second reflection block 65. Hereafter, the com- 
bination of the polarization beam splitter 61, the 
first reflection block 64 and the second reflection 
block 65 form a light path changing sub-unit 63. A 
capital letter "P" denotes light having the horizontal 
polarization, and "S" denoted light having the verti- 



cal polarization. 

The light path changing element 67 of the first 
reflection block 64 is formed of an isosceles tri- 
angle shape prism having a bottom surface on 

s which a reflection coating layer is formed. It is also 
possible to form the light path changing element 67 
of any of the aforementioned different type ele- 
ments. As shown in FIG.22B, the incident beam is 
shifted by a distance based on the shape and size 

10 of the prism. It will be noted that the shifted dis- 
tance does not depend on the position where the 
incident beam is projected onto the prism. 

The use of the aforementioned optical space 
switch can realize a simple multi-stage switching. 

15 Referring to F1G.23, there is illustrated the principle 
of a circular multi-stage type optical space switch. 
In FIG.23, those parts which are the same as 
shown in the previous figures are given the same 
reference numerals. The reflection mirrors 72 and 

20 73 are arranged so that they are symmetrical with 
each other with respect to a first line, and the 
reflection mirrors 73 and 74 are arranged so that 
they are symmetrical with each other with respect 
to a second line orthogonal to the first line. The 

25 reflection mirror 75 slightiy deviates outward from 
the symmetrical position. The Input light IN is 
slightly shifted in the same plane during a time 
when it is being circulated along the circulating 
path formed by the reflection mirrors 72 through 

30 75. Rnally. the light passes aside the reflection 
mirror 75, so that the output light OUT is obtained. 
The polarization controller array 62 and ttie light 
path changing sub-unit 63 are arranged perpen- 
dicular to tiie circulating path, and the axis of the 

35 sub-unit 63 is arranged perpendicular to the draw- 
ing sheet (or horizontal thereto). Thus, when the 
corresponding polarization controllers of the an-ay 

62 are OFF, the switch operates as if it does not 
have the array 62 and the sub-unit 63. On the other 

40 hand, when a polarization controller on a corre- 
sponding circulating path of the input light IN is 
ON, this light path is shifted in the same plane by 
the light path changing sub-unit 63. In this way, 
each time the light passes through the polarization 
45 controller array 62, it is possible to determine 
whether the light should be shifted by ttie light path 
changing sub-unit 63. This means that the optical 
space switch shown in FIG.23 corresponds to an 
arrangement in which a plurality of stages of corn- 
so binations of the polarization controller arrays 62 
and the light path changing sub-units 63 are cas- 
caded. As will be described later, a special prism 
unit is employed in the light path changing sub-unit 

63 in order to realize multi-stage switching net- 
55 works as descrit»d above. 

FIG.24A illustrates the structure of the optical 
space switch shown in FIG.21 A in more detail. In 
FIQ.24A, those parts which are the same as those 
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shown in the previous figures are given the same 
reference numerals. The prism 67 of the first re- 
flection blocl< 64 of the optical space switch (now 
labeled 77) is formed of a prism unit, which will be 
described later. The reflection mirrors 72 and 73 
are arranged so that they are symmetrical with 
each other with respect to the aforementioned first 
line. Similarly, the reflection mirrors 74 and 75 are 
arranged so that they are symmetrical with each 
other with respect to the first line. The reflection 
mirrors 73 and 74 are arranged so that they are 
symmetrical with each other with respect to the 
aforementioned second line orthogonal to the first 
line. Similarly, the reflection mirrors 72 and 75 are 
arranged so that they are symmetrical with each 
other with respect to the second line. Each of the 
reflection mirrors 72 through 75 Is slightly inclined 
with respect to the drawing sheet surface. The 
input light IN passes through the polarization con- 
troller array 62 and is obliquely projected onto the 
reflection mirror 72 at an angle of 45* with respect 
to its mirror surface. Each time the light is reflected 
by any of the reflection mirrors 72 through 75, the 
light path is slightly shifted so that it becomes 
apart from the back surface of the drawing sheet. 
Rnally, the light goes aside the reflection mirror 72, 
so that the output light OUT is obtained. The output 
light OUT is received by a two-dimensional array 
76 of photosensor elements. The two-dimensional 
polarization controller array 62 and the light path 
changing sub-unit 63 are arranged so that they are 
perpendicular to the circulating paths. The light 
path changing sub-unit 63 is disposed so that its 
axis is parallel (or perpendicular) to the drawing 
sheet surface. The circulating light passes through 
the one-dimensional array of a corresponding row 
or column of the polarization controller array 62. 
The circulating light is shifted in the same plane by 
the light path chcinging sub-unit 63. 

When the array of the corresponding row or 
column of the polarization controller array 62 is 
OFF, the input light IN having a plurality of in- 
dependent light inputs (beams) is drculated as if 
the array 62 and the sul>-unit 63 are not provided 
in the switch 77. On the other hand, when the array 
is ON. the polarization of the input light IN is 
changed by 90° by the corresponding row or col- 
umn. Then, the light path of the input light IN (that 
is, the light paths of the light inputs of the input 
light IN) is shifted by the light path changing sub- 
unit 63, so that the light therefrom goes along a 
light path different from that of the light obtained 
when the array is OFF. Then, the light passes 
through the polarization controller array 62 and the 
light path changing sub-unit 63. Thereby, the light 
enters the array of a row or column different from 
the previous row or column, and is shifted in a 
plane different from the previous plane. After the 



above-mentioned operation is repeatedly carried 
out, the light leaves the circulating loop by passing 
below the down side of the reflection mirror 72, and 
is received by any of the photosensor elements of 

5 the array 76. In this way, the optical space switch 
77 switches the light paths of the output light OUT 
with respect to the input light IN in the same plane. 
It should be noted that the optical space switch 77 
shown in RG.24A has a multiple stage structure. 

10 FiG.24B illustrates a variation 77A of the optical 
space switch 77 shown in FIG.24A. In RG.24B, 
those parts which are the same as those shown in 
FI6.24A are given the same reference numerals. 
The two-dimensional polarization controller array 62 

75 is positioned on the input side of the polarization 
beam splitter 61. The reflection type polarization 
controller array 2X is composed of the two-dimen- 
sional polarization controller array 62 and an exter- 
nal controller 78. The input light IN is reflected by 

20 the beam splitter 79 formed of a half mirror or the 
like and enters the reflection type polarization con- 
troller array 2X, which changes the polarization of 
the incident light under the control of the external 
controller 78. The beam splitter 79 reflects or 

25 passes straight through the incident light irrespec- 
tive of the polarization thereof. The light reflected 
by the polarization controller array 2X passes 
through the beam splitter 79, and enters the light 
path changing sut}-unit 63. Then, the light is cir- 

30 culated in the same way as the optical space 
switch 77 shown in FIG.24A. 

The variation 77A shown in FIG.24B has an 
advantage over the switch 77 shown in FIG.24A. 
That is, since the reflection type polarization con- 

35 troller array 2X is located outside of the circulating 
paths, it is possible to directly carry out the po- 
larization control by optical signal inputs via the 
external controller 78. 

The optical space switch shown in FIG.24A or 

40 FIG.24B can provide an optical Banyan network 
shown in FIG.25. The optical Banyan network in 
FIG.25 has 2? inputs and 2^ outputs. The network 
has eight input nodes 000 - 111 and eight output 
nodes 000 - 111. A crossconnect structure is 

45 formed between the eight inputs nodes 000 - 111 
and the eight output nodes 000 - 111. It will be 
noted that n optical space switches as shown in 
FIG.22A or FIG.22B must be cascaded in order to 
provide an optical Banyan network having 2" inputs 

so and 2" outputs. 

RG.26A is a perspective view of a prism unit 
used for realizing the optical Banyan network 
shown in FIG.25, and FIG.26B is a side view of the 
prism unit shown in FIG.26A. The prism unit shown 

55 in FIGS.26A and 26B is used as the prism 67 of 
the first reflection block 64. The prism unit is 
composed of a prism 81 of a first stage, prisms 
82i and 82: of a second stage, and prisms 83i, 
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832, 833 and 83* of a third stage in a first direction. 
Each of these prisms has a similar isosceles tri- 
angle shape. The prisms 82i and 822 are arranged 
side by side in a second direction perpendicular to 
the first direction, and the prisms 83i - 83» are also 
arranged side by side in the second direction. Each 
of the prisms 82i and 822 of the second stage has 
a size half that of the prism 81 of the first stage. 
Each of the prisms 83i - 83^ has a size half that of 
each of the prisms 62i and 82? of the second 
stage. Bottom surfaces of all the prisms are placed 
in the same plane. A reflection coating film 85 is 
formed on the bottom surfaces of all the prisms. 

Each of the prisms shifts its incident light in 
parallel and reflects it. The shifted distance be- 
tween the input path and the output path is con- 
stant in each prism. The prism 81 has the largest 
shifted distance, and each of the prisms 82i and 
822 has a shifted distance half of that of the prism 
81. Further, each of the prism 83i - 83* has a 
shifted distance quarter of that of the prism 81 . 

FIG.27 is a perspective view of the structure of 
an optical Banyan switch using the aforementioned 
one-dimensional circularly connected type optical 
space switch according to the seventh preferred 
embodiment of the present Invention. In FIG.27, 
those parts which are the same as those shown in 
the previous figures are given the same reference 
numerals. A reference numeral 82 indicates the 
prisms 82i and 822, and a reference numeral 83 
indicates the prisms 83i - 884. It should be noted 
that the position of the two-dimensional polarization 
controller array 62 is different from that shown in 
FIG.24A, and the positions of the input light IN 
comprising a plurality of optical input signals and 
output light OUT having a plurality of optical output 
signals are also different from those shown in 
FIG.24A. However, the operation of the switch 
shown in FIG.27 is the same as that of the switch 
shown in FIG.24A. 

A description will now be given of an eighth 
preferred embodiment of the present invention with 
reference to RG.28A, in which those parts which 
are the same as shown in the previous figures are 
given the same reference numerals. The eighth 
embodiment of the present Invention is a two- 
dimensional circularly connected .type optical 
space switch which uses the transparent type po- 
larization controller array. As shown in FIG.28A, two 
one-dimensional circulariy connected type optical 
space switches 77 and 77" are coupled via a multi- 
stage coupler 91. The optical space switch 77' is 
the same as the optical space switch 77 shown in 
FIG.21A. It will be noted that those elements of the 
optical space switch 77* which are the same as 
those of the optical space switch 77 are given a 
mark ['] in addition to the corresponding reference 
numerals. The light path changing elements 67 and 



67' are arranged so that the light path changing 
plane of the element 67 is orthogonal to that of the 
element 67*. The light path changing elements 67 
and 67' are formed of the prism units as shown in 

5 FIGS.26A and 26B. The center axis of each prism 
of the element 67 is perpendicular to that of each 
prism of the element 67'. The light output OUT 
from the optical space switch 77 passes through 
the multi-stage coupler 91, and is projected onto 

70 the two-dimensional polarization controller array 62' 
as input light IN'. The multi-stage coupler 91 
changes the position of the output light OUT (which 
is a position in a direction which becomes apart 
from the back surface of the drawing sheet), and 

IS outputs the output light OUT having the changed 
position to the optical space switch 77' as the input 
light IN*. 

RG.29A is a diagram illustrating the configura- 
tion shown in FIG.28A in more detail. In FIG.29A, 

20 those parts which are the same as those shown in 
the previous figures are given the same reference 
numerals. Output light OUT' from the optical space 
switch 77* is received by the two-dimensional 
photosensor array 76'. 

25 The two-dimensional optical space switch 
shown in RGS.28A and 29A can switch the, light 
paths of the output light OUT' with respect to the 
input light IN in two dimensions. Thus, the two- 
dimensional optical space switch shown in 

30 FIGS.28A and 29A easily provides a compact 
multi-stage optical Banyan network which has 2" x 
2" inputs and 2" x 2" outputs. The optical space 
switch 77 realizes a crossconnect structure in the 
same plane, and the optical space switch 77* re- 

35 alizes a crossconnect structure in the plane or- 
thogonal to the above plane related to the optical 
space switch 77. 

FiG.28B illustrates a variation of the two-dimen- 
sional optical space switch shown in FIGS.28A and 

40 29A, and FIG.29B illustrates the variation shown in 
FIG.28B in more detail. In FIGS.28B and 298, 
those parts which are the same as those shown in 
the previous figures are given the same reference 
numerals. The variation in FIGS.28B and 29B uses 

45 reflection type two-dimensional polarization control- 
ler anrays 2X and 2'X. The optical space switches 
77A and 77'A are coupled to each other via the 
multi-stage coupler 91. The two-dimensional cir- 
cularly connected type optical space switch shown 

50 in FIGS.28B and 298 operates in the same way as 
that shown in FIGS.28A and 29A except the opera- 
tion of the polarization controller array. The switch 
shown in FIGS.28B and 29B also provides the two- 
dimensional optical Banyan network. 

55 A description will now be given of a modifica- 
tion of the circularly connected type optical space 
switch shown in FIG.27. This modification can pro- 
vide a non-blocking optical Banyan network. In the 
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optical Banyan network realized by the optical 
space switch shown in FIG.27, there is a possibility 
that a blocking state occurs. In the blocking state, 
the input node cannot be connected to the destina- 
tion node. 

Referring to FIQ.25 which has been described 
previously, a light path from the input node 000 to 
the destination node 110 and a light path from the 
input node 100 to the destination node 111 use a 
link denoted by A in common. Thus, the signals on 
these light paths may have a collision with each 
other. In this case, it is Impossible to connect the 
input nodes to the desirable destination nodes. 

FIG.30 is a diagram of a non-blocking optical 
Banyan network according to the modification. The 
network shown in FIG.30 has eight inputs and four 
cascaded stages. It should be noted that the pat- 
tern of light paths extending from the second stage 
is symmetrical with the pattern of light paths ex- 
tending from the third stage with respect to the 
third stage. This symmetrical pattern of the light 
paths prevents the occurrence of blocking since 
the polari^atioi) of the optical signals obtained at 
eacti node at the same time have the mutually 
different polaiii:ation directions without exception 
and thus these optical signals go on the different 
paths extending from each node. 

FIQS.3IA and 318 show a prism unit used for 
realizing tho norvblocking optical Banyan network 
sfKiwn in FIG30 The prism unit shown in 
FIGS.31A and 31 B is used instead of the prism unit 
Shown in RG27. In FIGS.31A and 31 B, those parts 
which are the same as those shown in FIGS.26A 
and 268 arc given the same reference numerals. 
Tho prism unit shown in FIGS.31A and 318 is 
composed of the prism 31 of the first stage, the 
prisms 82 1 and 822 of the second stage, prisms 
84 1 and 84; of the third stage, and the prisms 83i 
through 83* of the fourth stage. The prism 31 is 
formed of an isosceles triangle shape prism having 
the largest size. The prisms 82i and 822 of the 
second stage and the prisms 84i and 842 of the 
third stage are the same as each other, and formed 
of a similar isosceles triangle shape prism having a 
size half that of the prism 81 of the first stage. 
Each of the prisms 83i through 834 of the fourth 
stage is formed of a similar isosceles triangle 
shape prism having a size half of each of the 
prisms of the second and third stages. It will be 
seen that the use of the prism unit shown in 
FIGS.31A and 318 realizes the non-blocking optical 
Banyan network shov;n in FIG.30. It should be 
noted that it is possible to apply the prism unit 
shown in RGS.31A and 318 to any of the afore- 
mentioned one-dimensional circularly connected 
type optical space switches. Further, it is possible 
to provide a two-dimensional non-blocking optical 
Banyan network by applying the prism unit shown 



in FIGS.31A and 31 B to any of the arrangements 
shows in FIGS.28A through 29B. 

The above-mentioned applications of the prism 
unit shown in RGS.31A and 318 provides a decen- 
5 tralized control type optical Banyan network. Alter- 
natively, it is possible to provide a centralized 
control non-blocking self-routing by adjusting the 
ON/OFF state of each polarization controller be- 
forehand. 

10 A polarization control CrossConnect self-routing 
algorithm of an eight-input four-stage non-blocking 
optical Banyan network is adjusted as follows. It is 
assumed that the input light has the horizontal (P) 
polarization and each node is given the number of 

;s the desirable destination node in binary notation. 

The first step of the algorithm is to perfonm the 
setting of each polarization switch node at the first 
stage. More specifically, the first step calculates a 
first exclusive-OR operation on the first bit of each 

20 binary-valued node number from the left side 
thereof and the first bit of each binary-valued des- 
tination node number from the left side thereof. 
Then, the first step calculates a second exclusive- 
OR operation on the result of the first exclusive-OR 

25 operation and 1 . The ON/OFF setting to each of the 
polarization controllers of the two-dimensional po- 
larization controller array is detennined in accor- 
dance with the results of the second exclusive-OR 
operation. 

30 The second step of the algorithm carries out 
the setting of each polarization switch node at the 
second stage. When the incident light has the 
horizontal (P) polarization, the second step cal- 
culates an exclusive-OR operation on the second 

35 bit of each node number obtained at the second 
node and 1 . The ON/OFF state of each polarization 
controller at the second stage is determined in 
accordance with the results of the above exclusive- 
OR operation. When the incident light has the 

40 vertical (S) polarization, the ON/OFF state of each 
piolarization controller is determined in accordance 
with the second bit of each node number obtained 
at the second stage. 

The third step of the algorithm sets the state of 

45 each polarization switch node at the third stage. 
When the incident light has the horizontal polariza- 
tion, the third step calculates an exclusive-OR op- 
eration on the second bit of each node number 
obtained at the third stage and the second bit of 

50 each destination node related to a route which 
reaches each node. The ON/OFF state of each 
polarization controller is determined in accordance 
with the results of the above exctusive-OR opera- 
tion. On the other hand, when the incident light has 

55 the vertical polarization, the ON/OFF state of each 
polarization controller is determined in accordance 
with the results of an exclusive-OR operation on 
the second bit of each node number obtained at 
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the third stage and l . 

The fourth step of the algorithm sets the state 
of each polarization switch node at the fourth stage. 
When the incident light has the horizontal polariza- 
tion, the fourth step calculates an exclusive-OR 
operation on the third bit of each node number 
obtained at the fourth stage and the third bit of 
each destination node related to a route which 
reaches said node. The ON/OFF state of each 
polarization controller is determined in accordance 
with the results of the above exclusive-OR opera- 
tion. On the other hand, when the incident light has 
the vertical polarization, the Oivf/OFF state of each 
polarization controller is determined in accordance 
with the results of an exclusive-OR operation on 
the third bit of each node number obtained at the 
fourth stage and 1 . The above-mentioned algorithm 
is suitable for application of a low-speed switch in a 
large-capacity data transmission of moving images 
in multiple channels. 

A description will now be given of the im- 
plementation of a crossover network using the cir- 
cularly connected type optical space switch ac- 
cording to the present invention. Referring to 
FIG.32, there is illustrated a mirror unit 300, which 
has first through fourth stages. The first stage has 
a pair of two mirrors 91 1 and 9I2. and the second 
stage has a pair of mirrors 92i and 922 and a pair 
of min-ors 93i and 93z. The third stage has a pair 
of mirrors 94i and 942, a pair of mirrors 95i and 
9S2, a pair of mirrors 96i and 962, and a pair of 
mirrors 97i and 972- 

The two mirrors of each pair are arranged so 
that they are orthogonal to each other. Each of the 
mirrors 92i , 922, 93i and 932 of the second stage 
has a size half that of the mirrors 91 1 and 91 2 of 
the first stage. Each of the mirrors 94i. 942. 95i, 
952. 96i , 962 , 97t and 972 of the third stage has a 
size half that of each mirror of the second stage. 
The first stage has a largest horizontal (horizontal) 
distance between the input and output paths. The 
second stage has a horizontal distance half that of 
the first stage, and the third stage has a horizontal 
distance which is a quarter of that of the first stage. 

By forming the light path changing elements 67 
and 67' of the anrangements shown in FIGS.24A, 
24B, 27, 29A and 296 of the min-or unit 300 shown 
in FIG.32, it is possible to provide crossover net- 
works. It is alternatively possible to replace the 
mirror unit 300 by pairs of total reflection prisms. 

The light path changing elements 67 and 67' 
are not limited to the specifically disclosed ele- 
ments, but other prisms and holograms having the 
same function can be used. 

The Banyan networks and crossover networks 
according to the present invention provide isomol- 
phic multiple input beam interconnection means. 

The present invention is not limited to the 



specifically disclosed embodiments and variations 
and modifications may be made without departing 
from the scope of the present invention. 

Reference signs in the claims are intended for 
5 better understanding and shall not limit the scope. 

Claims 

1. An optical space switch characterized by com- 

70 prising: 

polarization control means (2, 2A, 2M, 2R) for 
receiving input light <IN) and outputting said 
input light so that a polarization of said input 
light is maintained in a first mode and is sub- 

15 stantially changed by 90* in a second mode; 

polarization beam splitter means (1) for pass- 
ing said input light from said polarization con- 
trol means when said input light has a first 
polarization to thereby output a first light and 

20 for reflecting said input light from said polariza- 
tion control means when said input light has a 
second polarization perpendicular to said first 
polarization to thereby output a second light, 
said polarization control means being posi- 

25 tioned on a first side of said polarization beam 
splitter means; 

first reflection means (5, 5A, 5B, 5C), posi- 
tioned on a second side of said polarization 
beam splitter means, for reflecting one of said 

3D first light and said second light so that a light 
path of said one of said first light and said 
second light is shifted in a plane and the 
polarization of said one of said first light and 
said second light is substantially changed by 

35 90* and for outputting a first reflected light; 
and 

second reflection means (8), positioned on a 
third side of said polarization beam splitter 
means, for reflecting said first reflected light 

40 supplied from said first reflection means via 
said polarization beam splitter means so that a 
polarization of said first reflected light is sub- 
stantially changed by 90 * and for outputting a 
second reflected light; 

45 wherein: 

the other one of said first light and said second 
light enters said polarization beam splitter 
means and is output, as a first light output 
(OUT), from a fourth side of said polarization 

50 beam splitter means; 

said second reflected light from said second 
reflection means enters said polarization beam 
splitter means and is output, as a second light 
output (OUT), from the fourth side of said 

ss polarization beam splitter means; and 

said first light output has a light path which is 
different from that of said second light output. 
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2. An optical space switch as claimed in claim 1, 
characterized in that said first reflection means 
comprises; 

a quarter wave plate (3) arranged perpendicu- 
lar to said one of said first light and said 
second light so that an optical axis of said 
quarter wave plate is inclined at approximately 
45* with respect to the direction of polarization 
of said one of said first light and said second 
light; and 

a light path changing element (4) which shifts 
said one of said first light and said second light 
from said quarter wave plate in a predeter- 
mined direction including said plane by a pre- 
determined distance. 

3. An optical space switch as claimed in claim 1, 
characterized In that said second reflection 
means comprises: 

a quarter wave plate (6) arranged perpendicu- 
lar to said first reflected light so that an optical 
axis of said quarter wave plate. is inclined at 
approximately 45 ° with respect to the direction 
of polarization of said first reflected light; and 
a reflection mirror (7) which reflects said first 
reflected light from said quarter wave plate. 

4. An optical space switch as claimed in claim 1, 
characterized in that 

seiid first side of said pcleirization beam splitter 
means (1) and said fourth side thereof are 
opposite to each other; and 
said second side of said polarization beam 
splitter means and said third side thereof are 
opposite to each other. 

5. An optical space switch as claimed in claim 1 , 
characterized in that: 

said first side of said polarization beam splitter 
means (1) and said second side thereof are 
opposite to each other; and 
said third side of said polarization beam splitter 
means and said fourth side thereof are op- 
posite to each other. 

6. An optical space switch as claimed in claim 1, 

characterized in that: 

said first side of said polarization beam splitter 
means (1) and said third side thereof are op- 
posite to each other; and 
said second side of said polarization beam 
splitter means and said fourth side thereof are 
opposite to each other. 

7. An optical space switch as claimed in claim 2, 
characterized in that said light path changing 
element comprises: 

a prism (21) having a cross-sectional portion. 



having an isosceles triangle shape; and 
a reflection mirror (22) facing said prism. 

B. An optical space switch as claimed in claim 7, 
5 characterized in that said prism (21) com- 

prises: 

a triangle-shaped portion having said cross- 
sectional portion having the isosceles triangle 

shape; and 

10 a rectangular parallelepiped portion Integrally 
formed with said triangle-shaped portion. 

9. An optical space switch as claimed in claim 2, 
characterized in that 

7S said light path changing element (4) comprises 

a prism (23) having a cross section consisting 
of a first cross-sectional portion having an 
isosceles triangle shape and a second cross- 
sectional portion having a rectangular shape; 

20 said prism has a bottom surface on which a 
reflection coating layer (24) is formed. 

10. An optical space switch as claimed in claim 2, 
characterized in that 

29 said light path changing element (4) comprises 
a transparent grated index element (25) having 
a one-dimensional symmetry distribution of a 
refractive index in said predetermined direction 
in wrhich said one of said first light and said 

30 second light is shifted; and 

said transparent grated index element has a 
bottom surface on which a reflection coating 
layer (26) is formed. 

35 11. An optical space switch as claimed in claim 2, 

characterized in that said light path changing 

element (4) comprises: 

a diffraction grating (27); and 

a reflection mirror (28) facing said diffraction 
40 grating. 

12. An optical space switch as claimed in claim 1, 

characterized in that: 

said polarization control means (2A, 2M) com- 
45 prises an array composed of a plurality of 
polarization controllers; and 
said input light comprises a plurality of light 
inputs respectively related to said plurality of 
polarization controllers. 

50 

13. An optical space switch as claimed in claim 
12, characterized in that said plurality of po- 
larization controllers (2A) are arranged in a 
line. 

55 

14. An optical space switch as claimed in claim 
12. characterized in that said plurality of po- 
larization controllers (2M) are arranged into 
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rows and columns. - 

15. An optical space switch as clainried in claim 
12, characterized in that said first reflection 
means (5A, 5B) comprises: 

a quarter wave plate (3) arranged perpendicu- 
lar to said one of said first light and said 
second light so that an optical axis of said 
quarter wave plate is inclined at approximately 
45* with respect to the direction of the po- 
larization of said one of said first light and said 
second light: 

a light path changing member (21 A, 21 B, 21 C) 

having a plurality of prism portions arranged 
side by side, each of said plurality of prism 
portions having a cross-sectional portion hav- 
ing an isosceles triangle shape; and 
a reflection mirror (22) facing said light path 
changing member. 

16. An optical space switch as claimed in claim 
12, characterized In that said first reflection 
means (5C) comprises: 

a quarter wave plate (3) arranged perpendicu- 
lar to said one of said first light and said 
second light so that an optical axis of said 
quarter wave plate is Inclined at approximately 
45' with respect to the direction of the po- 
larization of said one of said first light and said 
second light; 

a prism (21 C) having a single prism portion 
having a cross section having an isosceles 
triangle shape; and 

a reflection mirror (22) facing said prism. 

17. An optical space switch as claimed in claim 1, 
characterized in that said polarization control 
means (2, 2A, 2M) comprises a transparent 
type polarization controller (2, 2A, 2M) which 
passes said input light so that the polarization 
of said input light is maintained in the first 
mode and is substantially changed by 80* in 
the second mode. 

18. An optical space switch as claimed in claim 1, 
characterized in that said polarization control 
means (2R) comprises a reflection type po- 
larization controller (2R) which reflects said in- 
put light so that the polarization of said input 
light is maintained in the first mode and is 
substantially changed by 90° in the second 
mode. 

19. An optical space switch characterized by com- 
prising: 

polarization control means (12, 12IVI) for receiv- 
ing input light (IN) and outputting said input 
light so that a polarization of said input light is 
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maintained in a first mode and is substantially 
changed by 90° in a second mode; 
first polarization beam splitter means (10) for 
passing said input light from said polarization 

s control means when said input light has a first 

polarization to thereby output a first light and 
for reflecting said input light from said polariza- 
tion control means when said input light has a 
second polarization perpendicular to said first 

10 polarization to thereby output a second light, 
said polarization control means being posi- 
tioned on a first side of said first polarization 
beam splitter means; 

first reflection means (13), positioned on a see- 
rs ond side of said first polarization beam splitter 
means, for reflecting one of said first light and 
said second light to thereby output a first re- 
flected light; 

light path changing means (15) for shifting a 
20 light path of said first reflected light in a plane; 

second reflection means (14) tor reflecting one 
of said first reflected light output from said 
light path changing means and said input light 
output via a third side of said first polarization 
25 beam splitter means to thereby output a sec- 
ond reflected light; and 

second polarization beam splitter means (11) 
for passing one of said first reflected light from 
said light path changing means and said see- 
so ond reflected light and for reflecting the other 
one of said first reflected light from said light 
path changing means and said second reflect- 
ed light, 
wherein: 

35 said one of said first reflected light from said 
light path changing means and said second 
reflected light is a first light output (OUT) hav- 
ing a light path; and 

the other one of said first reflected light from 
40 said light path changing means and said sec- 
ond reflected light is a second light output 
(OUT) having a light path different from that of 
said first light output. 

46 20. An optical space switch as clamed in clam 19, 
characterized in that said light path changing 
means (15) comprises: 

a first prism (31) having a cross-sectional por- 
tion having an isosceles triangle shape; and 
50 a second prism (32) having a cross-sectional 
portion having an isosceles triangle shape, said 
first prism facing said second prism. 

21. An optical space switch as claimed in claim 
55 19, characterized in that: 

said light path changing means (15) comprises 
a prism (33) having a first isosceles triangle 
shaped member, a second isosceles triangle 

19 
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shaped member, and a rectangular parallelepi- 
ped having two opposite surfaces on which 
said first isosceles triangle shaped member 
and said second isosceles triangle shaped 
member are respectively mounted; and s 
said first isosceles triangle shaped member, 
said second isosceles triangle shaped member 
and said rectangular parallelepiped are integ- 
rally formed. 

TO 

22. An optical space switch as claimed in claim 
1 9, characterized in that said light path chang- 
ing means (15) comprises a transparent grated 
index element (34) having a one-dimensional 
symmetry distribution of a refractive index in a rs 
direction in which said first reflected light is 
shifted. 

23. An optical space switch as claimed in claim 

19, characterized in that said light path chang- 20 

ing element (15) comprises: 

a first diffraction grating (35); and 

a second diffraction grating (36) facing said 

first diffraction grating. 

25 

24. An optical space switch as claimed in claim 
19, characterized in that: 

said polarization control means (1) comprises 
an array {12M) composed of a plurality of 
polarization controllers; and 30 
said input light comprises a plurality of light 
inputs respectively related to said plurality of 
polarization controllers. 

25. An optical space switch as claimed in claim 35 
24, characterized in that said plurality of po- 
larization controllers (12) are arranged in a line. 

26. An optical space switch as claimed in claim 

24, characterized In that said plurality of po- to 
larlzation controllers (12M) are arranged into 
rows and columns. 

27. An optical space switch as claimed in claim 

19, characterized in that said second reflection 45 
means (14) is positioned so that said first re- 
flection means, said light path changing means 
(15) and said second reflection means (14) are 
arranged in a line. 

so 

28. An optical space switch as claimed in claim 
19, characterized in that said second polariza- 
tion beam splitter means (11) is positioned so 
that said first reflection means (13), said light 
path changing means (15) and said second ss 
polarization beam splitter means (11) are ar- 
ranged in a line. 



29. An optical space switch characterized by com- 
prising: 

a first one-dimensional optical space switch 
(101) which switches light paths in a first 
plane; and 

a second one-dimensional optical switch (102) 
which switches light paths in a second plane, 
and 

wherein each of said first and second one- 
dimensional optical space switch comprises: 
polarization control means (2M) for receiving 
Input light (IN) and outputtlng said Input light 
so that a polarization of said input light is 
maintained in a first mode and is substantially 
changed by 90° in a second mode; 
polarization beam splitter means (1) for pass- 
ing said input light from said polarization con- 
trol means when said input light has a first 
polarization to thereby output a first light and 
for reflecting said input light from said polariza- 
tion control means when said input light has a 
second polarization perpendicular to said first 
polarization to thereby output a second light, 
said polarization control means being posi- 
tioned on a first side of said polarization beam 
splitter means: 

first reflection means (5; 3, 21, 22), positioned 
on a second side of said polarization beam 
splitter means, for reflecting one of said first 
light and said second light so that a light path 
of said one of said first light and said second 
light is shifted in a corresponding one of said 
first and second planes and the polarization of 
said one of said first light and said second light 
is substantially charged by 90° and for out- 
putting a first reflected light; and 
second reflection means (8; 6, 7), positioned 
on a third side of said polarization beam split- 
ter means, for reflecting said first reflected 
light supplied from said first reflection means 
via said polarization beam splitter means so 
that a polarization of said first reflected light is 
substantially changed by 90* and for output- 
ting a second reflected light; 
wherein: 

the other one of said first tight and said second 
light enters said polarization beam splitter 
means and is output, as a first light output 
(OUT), from a fourth side of said polarization 
beam splitter means; 

said second reflected light from said second 
reflection means enters said polarization beam 
splitter means and is output, as a second light 
ou^ut (OUT), from ttie fourth side of said 
polarization beam splitter means; 
said first light output has a light path which is 
different from that of said second light output; 
and 
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said first light output and said second light 
output related to said first one-dimensional op- 
tical space switch are applied, as said input 
light, to said second one-dimensional optical 
space switch. 

30. An optica! space switch as claimed in claim 
29, characterized in that: 

said polarization control means (2M) of each of 
said first and second one-dimensional optical 
space switches comprises an array (2M) com- 
posed of polarization controllers arranged in 
rows and columns, 

wherein first reflection means of each of said 
first and second one-dimensional optical space 
switches comprises: 

a quarter wave plate (3) an-anged perpendicu- 
lar to said one of said first light and said 
second light so that an optical axis of said 
quarter wave plate is inclined at approximately 
45° with respect to the direction of polarization 
of said one of said first light and said second 
light; and 

a light path changing element (4; 21 , 22) which 
shifts said one of said first light and said 
second light from said quarter wave plate in 
said corresponding one of said first and sec- 
ond planes by a predetermined distance. 

31. An optical space switch characterized by com- 
prising: 

a first one-dimensional optical space switch 
(103) which switches light paths in a first 
plane; and 

a second one-dimensional optical switch (104) 
which switches light paths in a second plane, 
and 

wherein each of said first and second one- 
dimensional optical space switch comprises: 
polarization control means (12M) for receiving 
input light (IN) and outputting said input light 
so that a polarization of said input light is 
maintained in a first mode and is substantially 
changed by 90° in a second mode; 
first polarization beam splitter means (10) for 
passing said input light from said polarization 
control means when said input light has a first 
polarization to thereby output a first light and 
for reflecting said input light from said polariza- 
tion control means when said input light has a 
second polarization perpendicular to said first 
polarization to thereby output a second light, 
said polarization control means being posi- 
tioned on a first side of said first polarization 
beam splitter means; 

first reflection means (13), positioned on a sec- 
ond side of said first polarization beam splitter 
means, for reflecting one of said first light and 



said second light to thereby output a first re- 
flected light; 

light path changing means (31) for shifting a 
light path of said first reflected light in a cor- 
s responding one of said first and second 

planes; 

second reflection means (14) for reflecting one 
of said first reflected light output from said 
light path changing means and said input light 
TO output via a third side of said first polarization 
beam splitter means to thereby output a sec- 
ond reflected light; and 

second polarization beam splitter means (11) 
for passing one of said first reflected light from 

75 said light path changing means and said sec- 
ond reflected light and for reflecting the other 
one of said first reflected light from said light 
path changing means and said second reflect- 
ed light, 

20 wherein: 

said one of said first reflected light from said 
light path changing means and said second 
reflected light is a first light output (OUT) hav- 
ing a light path; 

25 the other one of said first reflected light from 

said light path changing means and said sec- 
ond reflected light is a second light output 
(OUT) having a light path different from that of 
said first light output, and 

30 said first light output and said second light 
output related to said first one-dimensional op- 
tical space switch are applied, as said input 
light to said second one-dimensional optical 
space switch. 

35 

32. An optical network characterized by compris- 
ing: 

n (n is an integer equal to or iarger than 2) 
optical space switches (C, B. A) which are 
40 cascaded; 

each of said n optical space switches compris- 
ing: 

polarization control means (2A) for receiving 
input light (IN) and outputting said input light 

45 so that a polarization of said input light is 

maintained in a first mode and is substantially 
changed by 90° in a second mode, said po- 
larization control means comprising an array of 
a plurality of polarization collectors arranged 

50 into a line, said input light having a plurality of 
light inputs (0-7) respectively related to said 
polarization controllers; 

polarization beam splitter beams (1) for pass- 
ing said input light from said polarization con- 
55 trol means when said input light has a first 
polarization to thereby output a first light and 
for reflecting said input light from said polariza- 
tion control means when said input light has a 
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second polarization perpendicular to said first 
polarization to thereby output a second light, 
said polarization control means being posi- 
tioned on a first side of said polarization beam 
splitter means: 

first reflection means (5; 5C, 5B, 5A), posi- 
tioned on a second side of said polarization 
beam splitter means, for reflecting one of said 
first light and said second iigfit so that a light 
path of said one of said first light and said 
second light is shifted in a plane and the 
polarization of said one of said first light and 
said second light is substantially changed by 
so' and for outputting a first reflected light; 
and 

second reflection means (8), positioned on a 

third side of said polarization beam splitter 
means, for reflecting said first reflected light 
supplied from said first reflection means via 
said polarization beam splitter means so that a 
polarization of said first reflected light is sub- 
stantially changed by 90* and for outputting a 
second reflected light; 
wherein: 

the other one of said first light and said second 
light enters said polarization beam splitter 
means and is output, as a first light output 
(OUT), from a fourth side of said polarization 
beam splitter means; 

said second reflected light from said second 
reflection means enters said polarization beam 
splitter means and is output, as a second light 
output (OUT), from the fourth side of said 
polarization tieam splitter means; 
said first light output has a light path which is 
different from that of said second light output; 
and 

said first light output and said second light 
output related to an i-th optical space switch (i 
= 2, 3, n) are supplied, as said input light, 
to said (n-t-1)th optical space switch. 

33. An optical networic as claimed in claim 32. 
characterized in that: 

said plurality of light inputs (0-7) comprises 2" 

light inputs; 

said first reflection means (5; 5C, 5B, 5A) com- 
prises a quarter wave plate (3) arranged per- 
pendicular to said one of said first light and 
said second light so that an optical axis of said 
quarter wave plate is inclined at approximately 
45° with respect to the direction of polarization 
of said one of said first light and said second 
light, and a light path changing element (21 C, 
21 B. 21 A) which shifts said one of said first 
light and said second light from said quarter 
wave plate in a predetermined direction includ- 
ing said plane by a predetermined distance; 



said light path changing means of the i-th 
optical space switch comprises an array of 2'"' 
light path changing elements arranged in a 
line; 

5 2"*' light inputs among said 2" light inputs 

are applied to each of said 2'"' light path 
changing elements of the i-th optical space 
switch; and 

each of said 2'"' light path changing elements 
10 switches light paths which are spaced apart 
from each other by 2"''. 

34. An optical network as claimed in claim 33, 
characterized in that said light path changing 
IS means (21C, 21 B, 21 A) of the i-th optical 

space switch comprises a prism having said 
array composed of the 2" light path changing 
elements. 

20 35. An optical network as claimed in claim 33, 
characterized in that said optical network is an 
optical Banyan network. 

36. An optical space switch characterized by com- 

25 prising; 

polarization control means (62) for receiving 
input light (IN) and outputting said input light 
so that a polarization or said input light is 
maintained in a first mode and is substantially 

30 changed by 90* in a second mode, said po- 

larization control means comprising an array 
composed of a plurality of polarization control- 
lers; 

polarization beam splitter means (61) for pass- 

35 ing said input light from said polarization con- 

trol means when said input light has a first 
polarization to thereby output a first light and 
for reflecting said input light from said polariza- 
tion control means when said input light has a 

40 second polarization perpendicular to said first 

polarization to thereby output a second light, 
said input light from said polarization control 
means entering said polarization beam splitter 
means via a first side thereof: 

45 first reflection means (64), positioned on a sec- 
ond side of said polarization beam splitter 
means, for reflecting one of said first light and 
said second light so that a light path of said 
one of said first light and said second light is 

so shifted in a first plane and the polarization of 
said one of said first light and said second light 
is substantially changed by 90° and for out- 
putting a first reflected light; and 
second reflection means (65), positioned on a 

55 third side of said polarization beam splitter 
means, for reflecting said first reflected light 
supplied from said first reflection means via 
said polarization beam splitter means so that a 
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polarization of said first reflected light is sub- 
stantially changed by 90° and for outputting a 
second reflected light; 
wherein: 

the other one of said first light and said second s 
light enters said polarization beam splitter 
means and is output, as a first light output 
(OUT), from a fourth side of said polarization 

beam splitter means; 

said second reflected light from said second to 
reflection means enters said polarization beam 
splitter means and is output, as a second light 
output (OUT), from the fourth side of said 
polarization beam splitter means; and 
said first light output has a light path which is is 
different from that of said second light output, 
and 

wherein said optical space switch further com- 
prises light circulating means (72-75) for cir- 
culating said first and second light outputs with zo 
respect to said input light so that said first and 
second light outputs are repeatedly input to 
said polarization beam splitter means via said 
polarization control means and light paths of 
said first and second light outputs are shifted 25 
in a predetermined direction and for finally 
outputting said first and second light outputs in 
a second plane in which said input light is 
Included. 

30 

37. An optical space switch as claimed in claim 

36, characterized in that said light circulating 
means (72-75) comprises first (72). second 
(73), third (74) and fourth (75) reflection ele- 
ments which are arranged so that said first and 35 
second light outputs are circulated via said 
polarization control means and said polariza- 
tion beam splitter means. 

38. An optical space switch as claimed in claim 40 
36, characterized in that said first reflection 
means (64) comprises: 

a quarter wave plate (66) arranged perpendicu- 
lar to said one of said first light and said 
second light so that an optical axis of said 45 
quarter wave plate is inclined at approximately 
45 * with respect to the direction of polarization 
of said one of said first light and said second 
light; and 

a light path changing element (67) which shifts 50 
said one of said first light and said second light 
from said quarter wave plate in a predeter- 
mined direction including said plane by a pre- 
determined distance. 

55 

39. An optical space switch as claimed in claim 
36, characterized in that said second reflection 
means (65) comprises: 



a quarter wave plate (68) arranged perpendicu- 
lar to said first reflected light so that an optical 
axis of said quarter wave plate is inclined at 
approximately 45 " with respect to the direction 
of polarization of said first reflected light; and 
a reflection mirror (69) which reflects said first 
reflected light from said quarter wave plate. 

40. An optical space switch as claimed in claim 
38, characterized in that: 

said light path changing element (67) com- 
prises a prism unit which has first, second and 
third stages arranged in a first direction; 
said first stage has a first prism (81) having a 
cross section with an isosceles triangle shape; 
said second stage has a second prism (82i, 
822) and a third prism arranged side by side in 
a second direction perpendicular to said first 
direction, each of said first prism and said 
second prism having a cross section with a 
similar isosceles triangle shape having a size 
half that of said first prism; 
said third stage has a fourth prism (83i), a fifth 
prism (83a), a sixth prism (SSs) and a seventh 
prism (84^) which are arranged side by side in 
said second direction, each of said fourth, .fifth, 
sixth and seventh prisms having a cross sec- 
tion with a similar isosceles triangle shape 
having a size half that of each of said second 
and third prisms; 

said first through seventh prisms have respec- 
tive bottom surfaces arranged on an identical 
plane; and 

said prism unit has a reflection coating layer 
provided on said respective bottom surfaces of 
said first through seventh prisms, so that said 
optical space switch functions as an optical 
Banyan network. 

41. An optical space switch as claimed in claim 
40, characterized in that said one of said first 
light and said second light passes through one 
of said first, second and third stages in a 
predetermined order each time said input light 
is circulated. 

42. An optical space switch as claimed in claim 
38, characterized in that: 

said light path changing element (67) com- 
prises a prism unit which has first, second, 
third and fourth stages an'anged in a first direc- 
tion; 

said first stage has a first prism (81) having a 
cross section having an isosceles triangle 
shape; 

said second stage has a second prism (82i) 
and a third prism (822) arranged side by side 
in a second direction perpendicular to said first 
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direction, each of said second prism and said 
third prism having a cross section with a simi- 
lar isosceles triangle shape having a size half 
that of said first prism; 

said third stage has a fourth prism (S4i) and a 
fifth prism (842) which are an-anged side by 
side in said second direction, each of said 
fourth and fifth prisms having a size Identical 
to that of each of said second and third prisms; 
said fourth stage has a sixth prism (83i), a 
seventh prism (832), an eight prism (BSa) and a 
ninth prism (83^) which are arranged side by 
side in said second direction, each of said 
sixth through ninth prisms having a cross sec- 
tion of a similar isosceles triangle shape having 
a size half tliat of each of said second through 
fifth prisms; 

said first through ninth prisms have respective 
bottom surfaces arranged on an identical 
plane; and 

said prism unit has a reflection coating layer 
provided on said respective bottom surfaces of 
said first through ninth prisms, so that said 
optical space switch functions as a non-bloc- 
king optical Banyan network. 

43. An optical space switch as claimed in claim 
38, characterized in that: 

said light path changing element (64) com- 
prises a mirror unit (300) which has first, sec- 
ond and third stages arranged in a first direc- 
tion; 

said first stage has a pair of mirror surfaces 
(91 1, 91 a) arranged perpendicular to each oth- 
er; 

said second stage has two pairs of mirror 
surfaces (02i, 922; 93i, 982) an-anged side by 
side in a second direction perpendicular to 
said first direction, each of said two pairs of 
mirror surfaces being arranged perpendicular 
to each other, and each of said mirror surfaces 
of said two pairs having a size half that of each 
of said pair of mirror surfaces of said first 
stage: 

said third stage has four pairs of min-or sur- 
faces (94,, 942; 95,, 9521 96,, 962; 97,. 972) 
arranged side by side in said second direction, 
each of said four pairs of mirror surfaces being 
arranged perpendicular to each other, and 
each of said mirror surfaces of said four pairs 
having a size half that of each of said two parts 
of mirror surfaces of said second stage, so that 
said optical space switch functions as an op- 
tical crossover switch. 

44. An optical space switch as claimed in claim 
37. characterized in that said polarization con- 
trol means (62) is interposed between said first 



reflection element (72) positioned on said first 
side of said polarization beam splitter means 
(61) and said fourth reflection element. 

5 45. An optical space switch as claimed In claim 
37, characterized in that said polarization con- 
trol means (62) is interposed between said first 
reflection element (72) positioned on said first 
side of said polarization beam splitter means 

10 and said polarization beam splitter means (61 ). 

46. An optical space switch characterized by com- 
prising: 

a first one-dimensional circularly connected 
75 type optical space switch (77) in which light is 
shifted in a first plane; 

a second one-dimensional circularly connected 
type optical space switch (77') in which light is 
shifted in a second plane perpendicular to said 
20 first plane; and 

coupling means (91) for optically coupling seud 
• first and second one-dimensional circularly 
connected type optical space switches with 
each other, 

25 wherein each of said first and second one- 

dimensional optical space switches comprises: 
polarization control means (62, 62') for receiv- 
ing input light (IN, IN') and outputting said 
input light so that a polarization of said input 

30 light is maintained in a first mode and is sub- 

stantially changed by 90* in a second mode, 
said polarization control means comprising an 
array composed of a plurality of polarization 
controllers; 

35 polarization beam splitter means (61, 61') for 

passing said input light from said polarization 
control means when said input light has a first 
polarization to thereby output a first light and 
for reflecting said input light from said polariza- 

40 tion control means when said input light has a 

second polarization perpendicular to said first 
polarization to thereby output a second light, 
said input light from said polarization control 
means entering said polarization beam splitter 

45 means via a first side thereof; 

first reflection means (64, 64'). positioned on a 
second side of said polarization beam splitter 
means, for reflecting one of said first light and 
said second light so that a light path of said 

so one of said first light and said second light is 
shifted and the polarization of said one of said 
first light and said second light is substantially 
changed by 90* and for outputting a first re- 
flected light; and 

55 second reflection means (65, 65'), positioned 
on a third side of said polarization beam split- 
ter means, for reflecting said first reflected 
light supplied from said first reflection means 
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via said polarization beam splitter means so 
that a polarization of said first reflected light is 
substantially changed by 90° and for output- 
ting a second reflected light; 
wherein: 

the other one of said first light and said second 
light enters said polarization beam splitter 
means and is output, as a first light output 
(OUT), from a fourth side of said polarization 
beam splitter means; 

said second reflected light from said second 
reflection means enters said polarization beam 
splitter means and Is output, as a second light 
output (OUT), from the fourth side of said 
polarization beam splitter means; and 
said first light output has a light path which is 
different from that of said second light output, 
wherein: 

said optical space switch further comprises 
light circulating means (72-76; 72'-75) for cir- 
culating said first and second light outputs with 
rospoct to said input light so that said first and 
second light outputs are repeatedly input to 
soic polarization beam splitter means via said 
polarization control means and light paths of 
said first and second light outputs are shifted 
in a predelarmined direction and for finally 
outputting said first and second light outputs in 
a corresponding one of said first and second 
planes in which said input light is included; and 
said first arKi second light outputs (OUT) re- 
lated to said first one-dimensional circulating 
connection optical space switch pass through 
said coupler and are input (IN'), as said input 
light, to said second one-dimensional circularly 
connected type optical space switch. 

47. An optical space switch as claimed in claim 
46. characterized in that said light circulating 

means (72-75; 72' -75") of each of said first and 
second one-dimensional circularly connected 
type optical space switches comprises first, 
second, third and fourth reflection elements 
(72-75; 72'-75') which are arranged so that said 
first and second light outputs are circulated via 
said polarization control means and said po- 
larization beam splitter means. 

48. An optical space switch as claimed in claim 
46, characterized in that said first reflection 
means (64, 64') of each of said first and sec- 
ond one-dimensional circularly connected type 
optical space switches comprises: 

a quarter wave plate (66, 66') arranged per- 
pendicular to said one of said first light and 
said second light so that an optical axis of said 
quarter wave plate is inclined at approximately 
45 ' with respect to the direction of polarization 



of said one of said first light and said second 
light; and 

a light path changing element (67, 67') which 
shifts said one of said first light and said 
5 second light from said quarter wave plate in a 

predetermined direction including said plane 
by a predetennined distance. 

49. An optical space switch as claimed in claim 
10 46, characterized in that said second reflection 

means (65, 65') of each of said first and sec- 
ond one-dimensional circularly connected type 
optical space switches comprises: 
a quarter wave plate (68, 68') arranged per- 
is pendicular to said first reflected light so that an 

optical axis of said quarter wave plate is in- 
clined at approximately 45° with respect to the 
direction of polarization of said first reflected 
light; and 

20 a reflection mirror (69. 69') which reflects said 
first reflected light from said quarter wave 
plate. 

50. An optical space switch as claimed in claim 
25 48, characterized in that: 

said light path changing element of each of 
said first and second one-dimensional circu- 
larly connected type optical space switches 
comprises a prism unit which has first, second 
30 and third stages arranged in a first direction; 

said first stage has a first prism (81) having a 
cross section having an isosceles triangle 
shape; 

said second stage has a second prism (82i) 
35 and a third prism (82z) arranged side by side 
in a second direction perpendicular to said first 
direction, each of said first prism and said 
second prism having a cross section with a 
similar isosceles triangle shape having a size 
40 half that of said first prism; 

said third stage has a fourth prism (83i ), a fifth 
prism (BSz), a sixth prism (833) and a seventh 
prism (83^) which are arranged side by side in 
said second direction, each of said fourth, fifth, 
45 sixth and seventh prisms having a cross sec- 

tion with a similar isosceles triangle shape 
having a size half that of each of said second 
and third prisms; 

said first through seventh prisms have respec- 
50 five bottom surfaces arranged on an identical 

plane; and 

said prism unit has a reflection coating layer 
provided on said respective bottom surfaces of 
said first through seventh prisms, so that said 
55 optical space switch functions as a two-dimen- 
sional optical Banyan networlc. 

51. An optical space switch as claimed in claim 



25 



BNSDOCID: <EP P43Sa96A1J_> 



49 



EP 0 435 296 A1 



50 



50. characterized in that said one of said first 
light and said second light passes through one 
of said first, second and third stages in a 
predetermined order each time said input light 
is circulated. 

52. An optical space switch as claimed in claim 
48, characterized in that: 

said light path changing element of each of 
said first and second one-dimensional circu- 
larly connected type optical space switches 
comprises a prism unit which has first, second, 
third and fourth stages arranged In a first direc- 
tion; 

said first stage has a first prism (81) having a 
cross section having an isosceles triangle 

shape; 

said second stage has a second prism (Q2t) 
and a third prism (82a) arranged side by side 
in a second direction perpendicular to said first 
direction, each of said second prism and said 
third prism having a cross section with a simi- 
lar isosceles triangle shape having a size half 
that of said first prism; 

said third stage has a fourth prism (84-, ) and a 
fifth prism (84^) which are arranged side by 
side in said second direction, each of said 
fourth and fifth prisms having a size identical 
to that of each of said second and third prisms; 
said fourth stage has a sixth prism (83i). a 
seventh prism (83z). an eight prism (883) and a 
ninth prism (83*) which are arranged side by 
side in said second direction, each of said 
sixth through ninth prisms having a cross sec- 
tion of a similar isosceles triangle having a size 
half that of each of said second through fifth 
prisms; 

said first through ninth prisms have respective 
bottom surfaces arranged on an identical 
plane; and 

said prism unit has a reflection coating layer 
provided on said respective txjttom surfaces of 
said first through ninth prisms, so that said 
optical space switch functions as a two-dimen- 
siorml optical Banyan network. 

53. An optical space switch as claimed in claim 
48, characterized in that; 

said light path changing element of each of 
said first and second one-dimensional circu- 
larly connected type optical space switches 
comprises a mirror unit (300) which has first, 
second and third stages arranged in a first 
direction: 

said first stage has a pair of mirror surfaces 
(9I2. 9I2) arranged perpendicular to each oth- 
er; 

sad second stage has two pairs of mirror 



surfaces (92i, 922; 93i, 882) arranged side by 
side in a second direction perpendicular to 
said first direction, each of sad two pars of 
mirror surfaces being anranged perpendicular 
5 to each other, and each of said mirror surfaces 

of said two pairs having a size half that of each 
of said pair of mirror surfaces of sad first 
stage; 

said third stage has four pairs of mirror sur- 
10 faces (94,, 942; 95,. 952; 96,, 962; 97,, 972) 

arranged side by side in said second direction, 
each of said four pairs of mirror surfaces being 
arranged perpendicula to each other, and 
each of said mirror surfaces of said four pairs 
75 having a size half that of each of said two parts 
of mirror surfaces of said second stage, so that 
said optical space switch functions as a two- 
dimensional optical crossover switch. 
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